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Sensitivity of model simulations for the August 1979
data set to plus and minus 20 percent changes in:
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Comparisons of simulations for August 1979 and
June 1980 data with and without loadings from
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Comparisons of simulations for August 1979 and
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Results of simulations for alternative operations at
the Reno~Sparks STP for average June (A), August (B),
and 7Q;o regimes of river flow:
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Results of simulations for alternative operations at
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MODELING NUTRIENT AND DISSOLVED-OXYGEN TRANSPORT
IN THE TRUCKEE RIVER AND TRUCKEE CANAL

DOWNSTREAM FROM RENO, NEVADA

By Jon O. Nowlin

ABSTRACT

The Truckee River is a unique water resource in the Great Basin, flowing
about 116 miles from the pristine mountain waters of Lake Tahoe in the Sierra
Nevada of California to the brackish waters of Pyramid Lake, lying some 2,40Q
feet lower in the desert of Nevada. At the foot of the Sierra about midlength
along the river is the semi-arid Truckee Meadows, a valley in which river
water is diverted for agriculture and municipal supplies in the rapidly
urbanizing Reno-Sparks area, and from which discharge?i&gtggﬁgry—treated
effluent to the river. At Derby Dam, about 21 miles below Reno and 35 miles
above Pyramid Lake, water from the Truckee River is diverted into the Truckee
Canal for use in the Newlands Irrigation Project in the Carson Desert at the
lower end of the adjacent Carson River basin. Small agricultural diversiomns
also exist along much of the Truckee River below Reno, reducing river flows
during low-flow periods; diverted waters return to the river, contributing
nonpoint loadings along much of the studied reach.

Principal water—quality issues for the river below the Reno-Sparks area
include (1) instream concentrations of dissolved oxygen and nutrients with
respect to management of threatened and endangered fish (Lahontan cutthroat
trout and Cui-ui lakesuckers) in the Pyramid Lake Indian Reservation and (2)
nutrient loads to Lahontan Reservoir (at the end of the 34-mile Truckee Canal)

and Pyramid Lake.



The U.S. Geological Survey conducted intensive studies in 1979 and 1980
to provide information on factors affecting water quality in the Truckee River
and to support development of a water—quality transport model of (1) the river
from Reno to Pyramid Lake and (2) the Truckee Canal. Field studies included
dye—-tracer injections to determine traveltime for much of the river and canal,
gas—tracer studies to test equations for prediction of instream reaeration
coefficients, and four intensive synoptic sampling programs to provide data to
calibrate and validate.the water—quality traasport model. Calibration,
validation, and some initial applications of the model were completed under a
cooperative program with the Cities of Reno and Sparks.

Field studies showed that oxygen concentrations in the river and canal
generally met State standards, except for nighttime minima during low flows in
areas with large daily cycles in oxygen concentration from photosynthesis and
respiration of aquatic plants. During low flows ia August of 1979 and 1980,
sags in mean daily dissolved-oxygen concentrations of up to 2 milligrams per
liter from initial mear-saturation values were observed in a 19-mile reach of
the river below the Reno-Sparks discharge, principally due to oxidation of
ammonia from the sewage effluent. Below Derby Dam, mean daily dissolved-
oxygen concentrations generally were close to, or exceeded saturation. Large
daily cycles in oxygen concentration were observed im both the river and
canal. Daytime maxima were measured as high as 13 milligrams per liter (190
percent of saturation) in the river and 14 milligrams per liter (210 percent)
in the canal. Nighttime minima ia the river were measured as low as 3.4
milligrams per liter (45 percent) im reaches of high algal productivity
(compared to the State water—quality standard of 5.0 milligrams per liter).
During the 1979-80 field programs, State standards also were exceeded for

concentrations of un-ionized ammonia, nitrite, total-anitrogen, and ortho- and

2

total phosphorus.



A steady-state one—dimensional water—quality transport model for the
lower 56 miles of the river and the entire canal was calibrated and validated
against independent field data for both June and August flow conditions.
Traveltimes in the model are predicted as a function of streamflow based on
the intensive dye-injection studies. The model predicts mean daily
concentrations of: dissolved solids; carbonaceous biochemical oxygen demand;
organic—, ammonia-, nitrite—, and nitrate-nitrogen; ortho— and total
phosphorus; and dissolved oxygen. Estimates of minimum daily dissolved-oxygen
concentrations are also calculated using empirical factors for photosynthesis
and respiration. Reaeration rates in the model are calculated from instream -
velocities and channel slopes for each of 43 river and 9 canal segments on the
basis of the results of the gas—tracer studies. Estimates of nonpoint
loadings from both surface agricultural returns and ground-water inflows are
provided for each modeled segment,

Although some coefficients varied from segment to segment in the modeled
reaches of the river, one consistent set of model coefficients was found to
apply to both the June and August data sets. Calibrated ranges in model
coefficients (units of measure: per day, base e, at 20 degrees Celsius) for
the river are: carbonaceous biochemical oxygen demand decay, 0.14 to 1.7;
carbonaceous biochemical oxygen demand oxidation, 0.14 to 0.20;
organic-nitrogen decay, 0.10 to 1.7; organic—nitrogen hydrolysis, 0.10 to
0.80; ammonia-nitrogen decay and oxidation, 0.40 to 2.4; nitrite-nitrogen
decay and oxidation, 1.0 to 10; nitrate-nitrogen decay, 0.30 to 2.0; and

reaeration, 0.12 to 120.



The calibrated model was applied to alternative processes for sewage
advanced :

treatment ranging from continuedhfecondary treatment to tertiary treatment
with denitrification of the effluent. Simulations at projected effluent
discharges for the year 2000 were performed for average June, August, and low
(10-year recurrence of 7-day low flows) river flows. For the low-flow
conditions, simulations projected that water—quality standards for dissolved
solids, nitrite, nitrate, phosphorus, and minimum daily dissolved oxygen would
not be met in one or more reaches of the river for all modeled alternatives at
the proposed municipal sewage-discharge rate for the year 2000 (40 million
gallons per day). However, projected violations of standards were not
entirely attributable to the sewage discharge; sensitivity analyses of model
simulations for the observed August 1979 low flows indicate that even with no
loadings from sewage effluent, upstream tributaries and downstream nonpoint
sources alone would result in probable failure to meet standards at low flows
for nitrite, phosphorus, and minimum daily dissolved oxygen.

Calibration and application of the model provided an evaluation of the
relative importance of processes and sources of loading that affect water
quality in the river and canal. Between Reno and Derby Dam, river quality is
greatly influenced by discharges from Steamboat Creek and North Truckee Drain,
the two principal tributaries draining urban and agricultural lands in the
Truckee Meadows, and from the Reno-Sparks sewage plant. At typical summer low
flows, river assimilation in this reach results in a substantial reduction in
concentrations of nutrients and oxygen-demanding substances attributable to
the upstream sources and the sewage effluent. Beloy Derby Dam, in contrast,
the effects of nonpoint agricultural returns and ground-water inflows

predominate over those of upstream sources.



INTRODUCTION

In October 1978, the U.S. Geological Sur#ey began an assessment of
river quality in the Truckee and Carson River basins, Califorunia and Nevada
(figure 1), as one in a series of national River Quality Assessments (RQA).
The objectives of the Truckee—-Carson RQA were to (1) identify the most
significant resource—management problems concerning water quality in the two
basins, (2) develop and apply methods to rationally assess these problems, and
(3) communicate the results to the responsible managers and the public in an
effective manner. The study consisted of six integrated parts, which are

shown schematically in their relation to each other in figure 2.

Figures 1 & 2 near here

The details of the planning and design element of the study are discussed
in a report by Nowlin and others (1980). The processes used in the
fact—finding and communication workshops are coverad in a report by Andrews
and others (1981). Brown and others (1986) present a summary of basic
hydrologic characteristics of the two basins. The planning process resulted
in the selection of the Truckee River for intensive phases of investigation.
Data collected during extensive field studies on water quality, traveltime,
reaeration, and channel geometry of the Truckee River are compiled in a report
by La Camera and others (1985). Hoffman (1982, 1986) described methodologies
developed for studying water quality in spawning habitats of cold-water fish.
The results of studies relating spawning success of Lahontan cutthroat trout
to the quality of river and intragravel waters are reported by Hoffman and
Scoppettone (1984). This current report presents the results of mathematical
modeling of dissolved oxygen and nutrient concentrations in the Truckee River

and Truckee Canal.
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ASSESSMENT WORKSIOPS : A
What are the major, immediate
water-quality problems, and
what study priority do they
have? How is the study
proceeding and what are
,its interim results?

SPAWNING-HABITAT STUDIES:
What are the water-quality
constituents that are harmful

to the various life stages
of migratory fish?

FIGURE 2.--Water-quality modeling was one of six Integrated elements of

PLANNING AND DESIGN
OF THE STUDY:
What is a realistic program
to be aimed toward the solution
of current and potential
water-quality programs?

DEVELOPMENT AND APPLICATION
OF WATER-QUALITY MODELS:
low do certain water-quality con-
stituents change with alternativef
regulations of flow and inputst

~ COLLECTION OF NEW

i
|
|
!
!

COMPILATION OF BASIC \
HYDROLOGIC DATA: }

What data are available and

i pertinent to study goals;

where are important |
data lacking?

HYDROLOGIC DATA:
What data should be collected
within the time, money, and
manpower constraints of
the study?

the

Truckee-Carson River-Quality Assessment.



The RQA workshops identified a number of water—quality related problems
in the Truckee River basin below Reno, Nev. Planners and managers in the
Reno-Sparks urban area were examining alternatives for expansion of the
Sewage-Treatment Plant jointly operated by the two cities, hereafter referred
to as Reno-Sparks STP., State officials were in the process of revising
water—quality standards for the river and canal. The lower portion of the
Truckee River and its terminal receptor, Pyramid Lake, are within the Pyramid
Lake Indian Reservation. The Pyramid Lake Paiute Indian Tribe and the U.S.
Fish and Wildlife Service (USFWS) have been intensively involved in
re-establishment of the Lahontan cutthroat trout, a threatened cold-water fish
species, and the Cui-ui lakesucker, an endangered warm-water fish genus, in
the Truckee Riverf Fishery managers were interested in determining
cause—and-effect relationships between river concentrations of dissolved
oxygen and nutrients and potential point and nonpoint sources of pollutants.
An additional concern with respect to water quality has been definition of the
sources and magnitude of loads of nutrients contributed by the Truckee River
to Pyramid Lake. Similar concerns have been expressed by State officials with
respect to the contribution of nutrients-from the Truckee Canal to Lahontan
Reservoir. In the RQA planning process, development of a quantitative
water—quality transport model to address some of these problems for the
Truckee River and Canal was determined to be possible. Data collection and
development of the model were begun under the Federally funded RQA program.
Completion of the model and applications to planning for construction and to
operational alternatives for the Reno—-Sparks STP haye been done through a

cooperative program with the Cities of Reno and Sparks.



Purpose and Scope

This report presents results of water—-quality modeling of the Truckee

River and Truckee Canal. Specific objectives of the modeling study were:

1. Adaptation of a one-dimensional model to predict concentrations of
dissolved oxygen, nitrogen species, and phosphorus in the Truckee
River and Truckee Canal under steady-state assumptions of streamflow
and input loadings.

2. Calibration and validation of the model using detailed data collected
by the USGS RQA during spring snowmelt streamflows and summer
low-flow conditions observed in June and August of 1979 and 1980.

3. Application of the model to simulate river quality in response to
various river flows and management alternatives for the expansion of

the Reno—-Sparks STP.

The geographic scope of the model was limited to the 56-mile reach of the
Truckee River from the downstream boundary of Reno to Marble Bluff Dam at the
head of the delta into Pyramid Lake, and to the 3l1-mile length of the Truckee
Canal from the point of diversion at Derby Dam to the terminal drop structure
at Lahontan Reservoir (figure 3). The model was designed for steady-state
applications; that 1is, river and tributary point and nonpoint discharges are

assumed to be constant in time for the period modeled.



The model is one—~dimensional in construction, assuming uniform mixing at
all points along the longitudinal profile. Water—quality constituents modeled
include dissolved solids (DS); ultimate carbonaceous biochemical oxygen demand
(CBOD,); dissolved-oxygen (DO) concentrations, deficits, and percent
saturation; organic—, ammonia-, nitrite—, nitrate—, and total-nitrogen;
ortho- and total phosphorus; and inorganic nitrogen/phosphorus ratios (N/P).
Dissolved solids are modeled as a conservative constituent, all other
water—quality constituents are modeled assuming first—-order reactions, decays,

or transformations.

Figure 3 near here
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DESCRIPTION OF THE STUDY AREA
The physical and hydrologic characteristics of the Truckee River basin
have been described in detail in a preceding report by Brown and others
(1986). Additional background hydrologic information, including estimates of
water budgets for segments of the river basin in Nevada are given in a report
by Van Denburgh and others (1973). For an in-depth understanding of this
complex hydrologic system, the reader is referred to those publications and

other individual references as cited below.

Physical Setting

The Truckee River watershed is a topographically enclosed basin with its
headwater in the Sierra Nevada range of California and its terminus at Pyramid
Lake in the Basin and Range province of Nevada (figures 1 and 3). Altitudes
in the headwater of the basin exceed 10,000 feet above sea level in the
mountains surrounding Lake Tahoe. At the terminus, Pyramid Lake lies at an
altitude of 3,795 feet (1977) surrounded by stark desert mountains with
altitudes from 7,000 to 8,000 feet. The total drainage area of the basin is
3,120 miz, of which 1,940 miZ contribute to the ll6-mile length of the

main-stem river between the Lake Tahoe and Pyramid Lake drainage basins.
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The headwater of the Truckee River is Lake Tahoe, surrounded by the
mountains of the Sierra Nevada on the California-Nevada State line. The lake
is world renowned for the beauty of its setting and the purity and clarity of
its deep, cool waters (Crippen and Pavelka, 1970). -About two-thirds of the
lake is in California and one-third in Nevada. The economy of the Tahoe basin
is dominated by tourism, centering on summer recreation on the lake and the
surrounding mountains, winter alpine and nordic skiing, and year-round gaming
at casinos in the Nevada portion of the basin. Homes and businesses are
concentrated in a ring about 2 miles wide surrounding the lake; the remainder
of the basin is essentially undeveloped mountains. The Tahoe basin is
completely sewered, with treated sewage from the northeast, east, and
southeast shores exported to the Carson Valley in Nevada, and sewage from the
northwest, west, and southwest shores transported into the Truckee River basin
for treatment and disposal at a facility near the mouth of Martis Creek near
Truckee, Calif.

From the the outlet of Lake Tahoe at Tahoe City, Calif., the Truckee
River flows north about 15 miles to the town of Truckee, then northeasterly
for about 26 miles across the California-Nevada state line to Verdi.
Throughout most of this upper reach, the basin is a forested mountain
watershed, with the last 16 miles traversing the Truckee Canyon, a deeply
incised breach through the Sierra Nevada. Land development in this upper
reach of the Truckee River 1is relatively light, with the economy based on
recreation and, to a lesser extent, logging in the surrounding mountains.
Principal tributaries are Squaw, Donner, Martis, and Prosser Creeks, and the

Little Truckee River.
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Downstream from Verdi, the Truckee River flows to the east about 10 miles
to Vista, through the Truckee Meadows, an alluvial valley containing the
Reno-Sparks urban area. Development in the Truckee Meadows was historically
based on agriculture (principally alfalfa and pasture for cattle). Irrigated
lands are bounded on the west by supply ditches diverted to the north and
south of the river, and on the east by return drains into North Truckee Drain
north of the river and Steamboat Creek to the south. The current economy of
the Reno-Sparks area is dominated by gaming and tourism; growth of those
industries has resulted in rapid urbanization of the Truckee Meadows, with a
concomitant shift in land and water use (Dahl, 1978, 1980; Gruen Gruen and
Associates, 1979). During the period 1970 to 1980, the combined population of
Reno and Sparks townships grew 160 percent to 190,800.

Below the Truékee Meadows, the river flows about 29 miles in an easterly
direction to Wadsworth. The first 17 miles below Vista traverses a shallow
canyon to Derby Dam, the point of diversion to the Truckee Canal. Population
is sparse, centered in the vicinity of Lockwood and Patrick. Agriculture is
limited to the narrow flood plains of the river and is supported by surface
diversions from the river. Tributaries to the river are ephemeral; flows
occur only in response to major precipitation events, usually summer
thunderstorms. From Derby Dam to Wadsworth, the river is bordered by small

ranches irrigating with diversions from the river and canal.



At Wadsworth, the river turns to the north and flows about 23 miles
through the Pyramid Lake Indian Reservation to Marble Bluff Dam. This point
on the river, known historically as the "Big Bend of the Truckee River,” was
the first resting stop after the arduous crossing of the Forty-Mile Desert for
emigrants on the Overland Trail (Curran, 1982), and marks the southernmost
boundary of the Pyramid Lake Indian Reservation, founded by an Executive Order
in March 1874 (Knack and Stewart, 1984). Population in the lower river basin
is sparse, limited to Wadsworth, the Indian communities of Little Nixon and
Nixon, and a few private ranches within the reservation. Tributaries are
limited to washes that are dry except during and immediately following major
precipitation events. Marble Bluff Dam was constructed in 1976 for fishery
management to ;tabilize erosion at the mouth of the river and to provide fish
passage around the‘delta of the river via a fishway. The length of the delta
below the dam varies with lake stage (about 4 miles in 1979); thus, the crest
of the dam is used in this report as river mile (RM) 0.00 for referencing
upstream river locations on the Truckee River (Brown and others, 1986, p. 80).
The delta is characterized at low flows by a braided channel incised in older
deltaic sediments, and at high flows by a rapidly shifting and severely
eroding channel that contributes major loads of sediment to Pyramid Lake (Born
1970, 1972; Born and Ritter, 1970; Glancy and others, 1972).

Pyramid Lake is the terminus of the Truckee River system, and is a
remnant of Pleistocene Lake Lahontan that once covered much of the Great Basin
(Wheeler, 1967). The lake is the largest water body wholly within Nevada.

The lake is about 25 miles long, averages about 7 miles wide, and is over 350
feet deep. At the 1980 water—surface altitude of 3,{94 feet, the lake had a
surface area of about 109,000 acres and a volume of 21 million acre-feet

(Harris, 1970). It has no outlet; inflows are balanced by evaporation.
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Upstream water use and diversions of about 35 percent of the annual flow of
the Truckee River through the Truckee Canal have greatly contributed to the
observed decline in lake elevation of about 80 feet between 1844 (when
discovered by John Fremont) and its recent mininum in 1967. Because Pyramid
Lake has no outlet, its salinity is a function of the total volume of the lake
and the loading of salts by the Truckee River and ephemeral tributaries within
the Pyramid Lake basin. As the volume of the lake was reduced by evaporation
exceeding inflow, the salinity has increased at a rate greater than prior to
As of 1980,
diversions from the Truckee River (Smith, 1980). [Erwwwens dissolved solids
concentrations in the lake are about 5,300 milligrams per liter (mg/L),

limiting the species diversity of lake biota.

Pyramid Lake is the habitat of the Lahontan cutthroat trout (Salmo clarki

henshawi), the largést subspecies of its kind. The world's sportfishing
record for the species (41 pounds) was caught in the lake in 1941. The lake
and lower river are also the sole habitat of the cui-ui lakesucker (Chasmistes
cujs), an endangered genus of fish and a historical food resource to the
Pyramid Lake Paiute Indian Tribe. Fishery management at the lake is concerned
that the future of both fish will be in jeopardy if lake levels continue to
decline with concomitant increases in salinity.

Pyramid Lake is entirely within the Pyramid Lake Indian Reservation of
the Paiute Tribe, which manages the recreational and fishery resources of the
lake and lower (below Wadsworth) river. Water management conflicts focusing
on the lake include conflicts over rights to inflowing waters, endangered
species issues, and conflicting Indian, State, and Federal claims for

management and administrative authority (Townley, 1977; Knack and Stewart,

1984).
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The Truckee Canal diverts water from the Truckee River at Derby Dam to
supply irrigation water to the Newlands Project, the first Federal reclamation
program in the United States (Townley, 1977). Construction of the dam and
canal was begun in 1903, and the project was operational in 1915 with the
completion of Lahontan Dam. Water is used to irrrigate about 3,500 acreé of
farmland in the Fernley area (Van Denburgh and Arteaga, 1985) and is stored
along with water from the Carson River in Lahontan Reservoir for subsequent
irrigation of about 60,000 acres in the Newlands Project in the vicinity of
Fallon. Minor irrigation releases are made from the canal between Derby Dam
and Fernley to irrigate ranches along the Truckee River.

Design capacity of the Truckee Canal was about 1,500 ft3/s, bu%/;/
siltation and minor cave-ins in three tunnels in the upper reach of the canal
limited the maximum effective capacity during this study to about 900 £t3/s.

Lahontan Reservoir stores diverted water from the Truckee Canal and
largely unregulated flows from the Carson River for agricultural use in the
Newlands Project. At maximum pool, the reservoir has a surface area of about
10,900 acres and a usable storage of about 300,000 acre-feet. In addition to
the designed argicultural uses, the reservoir has become a popular
recreational area for northern Nevada, with a State park offering camping,

boating, fishing, and other water-related activities.
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The gradient of the Truckee River and Canal is shown by the channel
profile in figure 4. The river gradient is steep in the passage through the
Sierra Nevada above the Truckee Meadows, averaging 34 ft/mi above Farad and
35 ft/mi from Farad to Reno. The gradient through the Truckee Meadows is
controlled by a bedrock sill at Vista, resulting in a relatively flat
(1.6 ft/mi) reach through the last 8 miles of the Truckee Meadows. Below
Vista the slope averages 9.6 ft/mi in the 10-mile reach to Derby Dam, and
9.7 ft/mi in the 35 miles from Derby Dam to Marble Bluff Dam. The gradient
for the 34~mile length of the Truckee Canal averages l.l ft/mi. The canal
terminates in an inclined concrete drop structure into Lahontan Reservoir.
Because the total length of the canal is a function of reservoir stage, the
control gate at the‘head of the drop structure is designated in this report as
canal mile (CM) 0.00 to reference upstream canal locations (Brown and others,
1986, p. 80). The numerous diversions from and agricultural returns to the
river are shown schematically on the channel profile. The diversion
structures have important localized effects on channel slope for modeling and
affect both the quantity and, by the associated returns, quality of the river

as is discussed in following sections of this report,

Figure 4 near here

8



*gaqy301d [auueyd JuaIAIITp A[JOUIISIP 9ARY [RUERD pue IIATY 3YaNIL YL--°y TWNOIL

. WvYQ 44M1g 3194VIN A0V ST TN J3ARS

0 o]} 074 oE oy 0s 09 0L o8 06 001 101 S o OEl
— 00EE
f -
urg £qa3Qq =
#8p1ag 05 -AmH £ 28p1ag Waepd 1 -1 00SE
?8es uszey aweN Xx 281pag Aowmag y “
oo
e ek AI9Y) ITRPUATIV A #8prag ¥o1a3wgd [ - 00LE
R~ 98p73g Vg6 “AnH A 33p1ag poomyd07 T
[~ ?8e5 yzaomspey 1vIN N 98wy wisIA Y b
» weqg jynig a1qael 3 33prag uwiaw)oR/s8es snawds 8 - 006E
| 38pTag UOXIN § 38es ousy 3 J
. #8eH UOXIN aweN 2 28p1ag £133qhey @
Hn._g._wn.ow-cc-:&alq/r . \vai SMOpEOY 88)oNIL ysw xp peag b ?8p1ag TpasA p 7 oo
NSO S e vr
- _ _ _ _ _ _ _ 7 98p1ag y3aoaspey d 28wy prawy > 1
- A X A v 2V An wA _ #8p13g o0y pazuyeyg © 98wy 2aydonay 1way q -4 00tEd
28wy weg Aqaag moy3g u ?8e9 L11) Ioyel ®
B jeuB) @8X)onIL 9. b
o S31IS NOIIDITIOD VIV
= z 02 ° g ) - 009+
i g g ®
3 22 S
28 —®)
| g% 0 oo
Lo |.P\|.0
i 0 Y
o
L 5] 006¥
) Y233q TEPUITD 41 -
B Ys330 399u0Td €1 19 cowca a%oo 0]0]3~]
- ] un
L BIYD1IJQ SUOTSSIS pur ‘39NONII Ylacop ‘uemisey 7y 19 COnwcme 0.-0&)
dangd pT1A21P1 Y] oAue
L n ovzu 00ES
Ys237Q0 230 01
I Yo2331qQ e ¢ *1D oduoig
- Ys3§Q ?dueys 3se] g 00sS
L 4233a PUBTYSIH ¢
Jwn{d I3n0g I0YSEM g
- PwNTd a5A0d JPIdA o0Ls
- Yo37a unaprol 4
R ud31q IeOqUERIS B3BANN aNV NOIsEag (1) 006S
swnlj 1am0d Ys}aTI 3 H3IJILNIAI 4SS @
sWNT4 a9nod peaey | ANINJOIIA3A T3A0N HOS 7
~ 96 D% WIATH FAOGY SNOISHIALG 31IS ONITJIWYS ALITYNO-HILVM 0ol9
L NOILYLS ONIOVO A
I~ ST08WAS (VEGL) 3) ZTTI 01 (LO6L) M LEZI “Uv—eoye] Bxe] -] OOE9
1 " 1 " 1 a 1 a 1 — .| " ! " 1 4 1 a 1 A 1 s | — 1 —

T3IAIT VIS 3A08V 1334 NI 3aNLLV

19



Climate

Climate in the basin is controlled by the ;rographic barrier of the
Sierra Nevada. As the prevailing westerly winds laden with moist Pacific air
ascend the Sierra slopes west of the basin to altitudes where temperatures are
lower, condensation causes abundant snow and rain during the winter and
spring. Most of the precipitation in the mountains is in the form of snow,
with more than 90 percent of the annual precipitation at altitudes above
8,000 feet consisting of snow. The average annual snowfall in the Sierra
Nevada amounts to more than 20 feet, with as much as 65 feet falling in some
years (Houghton and others, 1975). During some winters, warm storms move
through the Sierra, raising the altitude of the snow line and dropping
significant amounts of warm rain on the winter snowpack. These storms,
usually occurring in January or February, can cause significant short-term
snowmelt and may cause significant flooding in downstream reaches of the
Truckee River, particularly in the urban Truckee Meadows area.

Relatively little moisture passes to the east side of the Sierra and into
the Basin and Range Province. As the winds descend the east slope, they are
warmed and consequently are able to evaporate moisture from the ground. The
Truckee Meadows is classified as semi-arid and precipitation decreases across
the valley with distance from the Sierra. Along the Sierra crest at the west
boundary of the basin, annual precipitation may exceed 30 inches; however, at
the Reno airport, on the east side of the valley, average annual precipitation
is about 7 inches. Downstream from (east of) Vista, the basin is arid, with
annual precipitation averaging less than 6 in/yr. The precipitation in the
Basin and Range is unevenly distributed through the year. About 70 percent of
the annual precipitation at Reno is rain, with most rainfall occurring in the

spring and late autumn, and an average of less than 1 inch falling from July

to October.
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Hydrology

The following nafrative offers a simplified outline of the complex
natural, structural, and institutional controls on streamflow in the Truckee
River basin. A more complete overview of the physical system is presented by
Brown and others (1986), and by Jones and Stokes Associates (1980). Short
summaries of the legal and institutional conflicts affecting water management
are given by Dahl (1978, 1980); a more detailed discussion may be found in

Jones and Stokes and Stanford Environmental Law Society (1980).

Streamflow

Most streamflow in the Truckee River basin is derived from snowmelt in
the headwater in the Sierra Nevada. Under natural (pre—diversion and
regulation) conditions, Lake Tahoe served as a control for downstream flow in
the Truckee River. During spring runoff, snowmelt water would be stored and
released as determined by preceding lake levels and the capacity of the lake
outlet. During drought years, the lake level could drop below the outlet of
the lake, resulting in no flow in the downstream Truckee River after the end
of spring runoff from other tributaries. Currently, regulation of the river
above (upstream of) Farad is achieved by controlling releases from eight
reservoirs (including Lake Tahoe) on tributaries above the Nevada-California
state line. Withdrawals and diversions of water for agricultural and
municipal uses are concentrated in the valleys downstream of the Sierra;

consequently, streamflow decreases with distance from the mountain front.
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The basic flow system for the Truckee River is shown in figure 5,
which is a simplified flow schematic based on mean annual streamflows for
the 10~year period including water years (October to September) 1973-82
(table 1). Releases of water from Lake Tahoe for this period averaged
161,000 acre-feet. Combined inflows from Donner, Martis, and Prosser Creeks,
the Little Truckee River, and other ungaged tributaries resulted in a mean
annual discharge for the Truckee River at Farad, Calif., of 547,000 acre-feet,
representing the total available water supply from the main-stem river to
Nevada. At the Vista gage below (downstream from) agricultural and municipal
diversions in the Truckee Meadows, the mean annual discharge for the period
was 540,000 acre-feet, slightly less than at Farad, even though the drainage
area is 53 percent greater at Vista than at Farad. About 7,000 acre-ft/yr
were lost above Derby Dam, between Vista and Tracy, from irrigation diversioms

and evapotranspiration of riparian vegetation.

—— ——

Figure 5 near here

Table 1 near here
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TABLE l.--Comparative streamflow records for water years 1973-82

Mean annual flow

Basin
Drainage yield
River area (acre-feet [(ft3/s)
Gaging station mile (mi2) x 1,000) (£t3/s) /mi2]
Truckee River above Truckee Meadows:
10337500 at Tahoe City 116.20 507 161 222 0.44
10338000 near Truckee 103.62 553 az212 az92 .53
10346000 at Farad 81.89 932 547 755 .81
In the Truckee Meadows:
10348000 at Reno 59.07 1,067 461 637 .60
10348200 near Sparks? 56.15 1,070 - -— —
Truckee Meadows to Derby Dam:
10350000 at Vista 52.23 1,431 540 746 .52
10350400 below Tracy 40.62 1,590 533 736 46
Below Derby Dam:
10351600 below Derby Dam 34.49 1,676 330 456 .27
10351650 at Wadsworth 23.11 1,728 354 489 .28
10351700 near Nixon 9.42 1,827 359 496 .27

Truckee Canal:

at Derby Dam 31.42 - €203 €280 -

10351300 near Wadsworth 22.85 - 188 259 -

10351400 near Hazen inflow 6.15 - 142 196 -
to Lahontan

Reservoir .00 -— d135 d186 -

4 Estimated (Blodgett and others, 1984).
b Only 5 years of data, starting April 1977. ‘

¢ Estimated as Tracy minus below Derby.

d Estimated as Hazen minus 7 ft3/s for unmeasured diversion.
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Below Derby Dam, the river flows averaged 330,000 acre-ft/yr, reflecting
diversions of about 38 percént of the available flow into the Truckee Canal.
About 11 miles downstream, at Wadsworth, average flows increased to 354,000
acre-ft/yr due to seepage losses from the Truckee Canal and ground-water
returns from the Fernley area. Average flows near the terminus of the river
as gaged near Nixon is 359,000 acre-ft/yr. Pyramid Lake levels declined about
2 feet g;ugEJove§418:year period (1973-82), resulting in a loss of about
220,000 acre-feet of water, or about 22,000 acre-ft/yr. This loss was due to
the imbalance between river inflow and lake evaporation (about 382,000
acre-ft/yr), and continued a historical Cren& in declining lake level since
the beginning of diversions into the Truckee Canal in 1915.

Diversions from the river into the Truckee Canal averaged about 203,000
acre-ft/yr for the 10-year period (1973-82). Flows at the U.S. Geological
Survey gage on the canal near Wadsworth were 188,000 acre-ft/yr, reflecting
irrigation diversions and seepage losses in the intervening reach from the
point of diversion at Derby Dam. Between the Wadsworth and Hazen canal gages,
diversions to the Ferley Farm area and seepage losses from unlined reaches of
the canal reduced flows to 188,000 acre-ft/yr. Net inflows to Lahontan

Reservoir for the period were about 135,000 acre-ft/yr.



Regulation
Regulation of streamflow in the Truckee River began in 1870 with
construction of a timber dam across the natural outlet of Lake Tahoe. The
last regulatory structure added to the system was Martis Creek Dam, finished
in 1972. The history, capacity, and operation of the eight reservoirs on the
system are shown in table 2. The operation of the system is complex and is

detailed by Brown and others (1986).

Table 2 near here

The river has been managed by a court—appointed Federal Watermaster since
1926 as an "interim" procedure awaiting settlement of several suits over water
rights. Water releases are controlled to meet appropriated water rights for
municipal and irrigation uses, for flood-control purposes, and for fishery
management on the Pyramid Lake Indian Reservation. The principal legal
mandates for streamflows are the Floriston Rates, established by a Federal
District Court in 1915 to specify minimum flows across the California-Nevada
State line as measured at the Floriston gage (moved to Farad in 1935). The
Floriston Rates are keyed to the water—-surface altitude at Lake Tahoe and the
irrigation season (table 3, figure 6). In addition to the minimum flows
specified by the Floriston Rates, minimum flows are specified for fishery
purposes at the outlets of Lake Tahoe (50 ft3/s winter, 70 ft3/s summer),

Prosser Creek Reservoir, and Stampede Reservoir.

Figure 6 near here

Table 3 near here




TABLE 2.--Operational criteria for storage reservoirs in the Truckee River basin

lafter Brown and others, #n~pnese]
186

Minimum Maximum Flood storage reserve Priority Priority Date of

outflow outflow for indicated time of of Usable volume beginning
Reservoir name (£t3/8) (ft3/a)1 period (acre-feet)? stotage3 release? (acre~ft)® of operation
Lake Tahoe 650-70 2,500 — 73 ) 744,600 91913
Lahontan 0 3,000  1080,000-Nov 1-Mar 1 113 -— 12295,150 1914
Independence Lake 3 300 - 183 (14) i

15¢ 17,500 91937
Boca 0 900 8,000~Nov 1-Apr 30 7s 8 40,900 1938
Donner Lake 0 700 7,300-Nov 15-Apr 15 1 (14) 9,500 161943
Prosser Creek 5 1,950 20,000-Nov l-Apr 10 1648 63 28,640 1963
Stampede 1739 2,740 22,000-Nov l-Apr 20 ’1 (18) 221,500 1969
’ or inflow

Martis Creek Lake Inflow 620 19,600-year around flood only - 19,600 1972

1 Indicates outflow that can be regulated up to conditions of flow over spillway.

2 Flood storage reserves are maintained in decreasing amounts until as late as July, depending on runoff
predictions. Flood storage is used whenever flow at Truckee River at Reno gage (10348000) exceeds 6,000 ft3/s.

3 Priorities under flood conditions are ignored.

4 To maintain Flérlston rates, water is drawn from the reservoir in this order to the extent possible.

$ Best available data based on records or reservoir operators and the Office of the Federal Watermaster,
Reno, Nev. (written communication, 1979).

6 1f equivalent rates of flow can be stored in Prosser Creek Reservoir, releases from Lake Tahoe will be
70 £t3/s from April 1 to November 1 and 50 ft3/s for the rest of the year. Release priority for Prosser Creek
Reservoir pertains only to water stored in this manner.

7 When Floriston rates are exceeded as much water as possible is stored.

% When the elevation of Lake Tahoe drops below 6,225.5 feet, the release priorities of Lake Tahoe and Boca
Reservoir are exchanged.

9 Storage occurred earlier; date indicates entrance into the integrated operation.

10 Temporary restrictions until modifications to the dam are completed.

11 Storage rate is limited by the rate of flow diverted throught the Truckee Canal.

12 May be increased to 317,280 acre-feet with the use of flashboards on spillways.

13 Storage up to 3,000 acre-feet.

14 Privately owned water is not used to maintain indicated rates. Sierra Pacific Power Company and
Truckee-Carson Irrigation District acquired storage rights for Donner Lake water in 1943 from Donner Lake
Company. Sierra Pacific Power Company acquired storage rights for Independence Lake water in 1937.

15 Storage up to 14,500 acre-feet.

16 Truckee-Carson Irrigation District acquired storage righta for Lahontan Reservoir in 1926 from the U.S.
Bureau of Reclamation. Storage of this priority is related to the flow rates that can be released from Lake
Tahoe, and may not exceed 70 ft3/s for the rest of the year.

17 If contené;-ls greater than 5,000 acre-feet, then 30 ft3/s is the minimum; otherwise, the outflow may
equal the inflow. -

18 Rate of release is determined by the Secretary of the Interior.
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1000

Actual flows: —
Wet year (1975 water yeer,
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- September 1975)

DISCHARGE, IN CUBIC FEET PER SECOND

Actual flows:
Dry yesr (1977 water year,
Qctober 1976 through
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FIGURE 6.--The Florist}n rates set seasonal requirements for minimum
streamflows in the Truckee River at the California-Nevada State line.
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TABLE 3.--Floriston rates controlling minimum Truckee River

flows from California into Nevada

198t
[from Brown and others, daprase-]
Water-surface altitude
at Lake Tahoe Dam Floriston rates: Flow at Farad
(feet above sea level) Gage (10346000) (ft3/s)

Oct Nov-Feb Mar Apr-Sept

Below 6,225.25 400 300 300 500
Between 6,225.25 and 6,226 400 350 350 500
Above 6,226 400 400 500 500
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Flood-control criteria also affect reservoir operation. Flood storage
begins in three reservoirs (table 2) when streamflow at the Reno gage exceeds
5,000 ft3/s and continues, if sufficient storage is available, as long as flow
at Reno exceeds 5,000 ft3/s. Flood-control criteria also can have seasonal
impacts on low flows as flood-storage reservoirs must be drawn down to provide
specified flood-storage capacity in October of each year. Water rights on the
Truckee River are assigned on the prior-appropriation basis common to Western
water law (“first in time, first in right"). Conflicting claims for water
rights have been a matter of litigation on the Truckee River for decades. The
river is fully appropriated; thus in dry yeafs, junior rights for water may

not be fully met.

Diversions

Water is diverted at a number of places along the Truckee River for
municipal, industrial, and agricultural uses. A detailed documentation of the
diversion systems can be found in Brown and others (1986). A summary of dams
and diversion structures is given in tables 4 (Truckee River) and 5 (Truckee
Canal). Water rights for diversions in the basin were allocated by the Orr
Ditch Decree of 1944, after 31 years of litigation. With expanding urban and
suburban growth in the basin, particularly in the Truckee Meadows, development
of former agricultural lands has resulted in abandonment of many diversions
and conversions of water rights from agricultural to municipal use. Water
rights and irrigated acreages decreed in 1944 are shown in table 6 in

comparison with estimates of diversions and agricultural uses in 1978 and

1979. _

Tables 4, 5, and 6 near here
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With the exception of the Truckee Canal at Derby Dam, the largest
diversions are in and above the Truckee Meadows, with water going to
agriculture within the area and to the area's principal municipal supply
operated by the Sierra Pacific Power Company. Return flows from irrigation
accumulate in North Truckee Drain and Steamboat Creek. Municipally-usea
waters return to the river via Steamboat Creek, thch receives effluent from
the Reno-Sparks STP a short distance above the confluence with the river, or
by way of recharge to the ground waters (from irrigation of lawn and landscape
plantings) that ultimately discharge to the river above Vista.

In the reach considered by the water—quality model below Vista, 13
irrigation ditches and one diversion for a thermoelectric power plant were
active during the 1979 to 1980 period of field studies (table 7). The
effective irrigation season in most years is from mid—-April to mid—October.
Most diversion structures are rock-rubble low-head dams that are annually
refurbished prior to the irrigation season. Irrigation is accomplished on
most ranches by wildflooding of fields from unlined distribution ditches.
During the irrigation season, weekly estimates of the diversions are made at
points near the ditch headgates by the Federal Watermaster's office. In
addition, the Federal Watermaster maintains recording gages on Steamboat Creek

and North Truckee Drain near their confluences with the Truckee River.

Table 7 near here
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Streamflow Characteristics

The flow of the Truckee River has been gaged at one or more sites since
September 1899, when the first gage was installed near Farad. Historical flow
data not only reflect the effects of climatic changes on water supply, but
also the effects of man's regulation of the river, a factor that has béen
significantly changing over the past 100 years. Thus, use of statistical
streamflow characteristics on the river must be tempered with consideration of
the period of record chosen, and the likelihood that future management
practices and resultant flow regimes may not be the same as the past, or the

present.

Flow duration

The vari;bility of streamflow can be summarized by a flow-duration curve
and associated statistics (Riggs, 1968a; Searcy, 1959). Such a curve combines
a streamflow record into a unit and indicates the percentage of time
historical discharges were equaled or exceeded. Two flow—duration curves for
the Truckee River at Vista are shown in figure 7. One was developed for the
entire 52-year period of record at the gage, the other for the 10-year period
1973-82, for which concurrent records are available at most river and canal
gages below Vista. The curves show, for example, that for 50 percent of the
time the mean daily discharge equaled or exceeded 525 £t3/s in the 52-year

period and 539 ft3/s in the 10-year period.

Figure 7 near here
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FIGURE 7.--Flow-duration curves give an indication of the comparability of
short- and long-term statistics of streamflow for the Truckee River at Vista.
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The mean annual discharges of the same two periods are 755 and 747 ft3/s,
respectively. The similarity of the mean and median (50 percent)'discharges
for the two periods might imply that the streamflow regimes for the two
periods are similar; the flow—duration curves indicate, however, that
differences increase during both high- and low-flow extremes. At high flows,
the curve for the long-term record indicates a greater discharge for a given
probability level than the curve based on records of the last 10 years.
Conversely, at low flows, the curve for the long-term record indicates a lower
flow than the short—-term curve for the same level of probability. Some of
these differences may be due to climatic factors; the principal factor,
however, probably has been the increased capacity for regulating extreme flows
due to new reservqirs being added to the system.

Comparative flow—duration statistics for long-term records and for the
1973-82 concurrent base period are presented for other gages on the river and
canal below Reno in table 8, Flow-duration curves for selected gages for the
1973-82 period are shown in figure 8. The 1973-82 concurrent record was
chosen as a base for all further streamflow statistics in this report due to
the relatively consistent regulation practices in this period and the

desirability of using the same period for comparisons among gages.

Table 8 near here

Figure 8 near here

The shape of a flow-duration curve is one index to the hydrologic
characteristics of a basin. A steep curve denotes @ighly variable flows—-high
peak discharges, poor sustained flows, and low drought flows. Conversely, a
flat curve denotes relatively stable flows from season to season. In figure

8, the relatively uniform slope of the curve for the Vista gage reflects the
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FIGURE 8.--Flow-duration statistics vary for the Truckee River above and below
diversions into the Truckee Canal at Derby Dam.



effects of regulation on the Truckee River flows. The curve for the gage
below Derby Dam differs from the Vista curve by the amount of diversion ts the
Truckee Canal. Canal diversions, as measured at the canal gage near
Wadsworth, are relatively uniformly distributed from 200 to 800-900 ft3/s, the

normal range of diversions for irrigation.

Low—-flow frequency

Flow—duration curves combine an entire period of streamflow into one
group for determining probabilities without regard to whether or not low- or
high~flow events are uniformly recurring or are isolated extremes.
Flow-frequency curves overcome this problem by indicating the magnitude and
frequency of sustained flow events, and thus are often used for analysis of
flood and drought flows (Riggs, 1968b). Low-flow frequency curves show the
magnitude and expected frequency of recurrence for droughts of given periods
of duration. For example, figure 9 shows a family of curves developed for the
Vista gage giving the expected recurrence interval for 1, 7, 14, and 30
consecutive days of low flow. A comparison of these values for an expected
recurrence interval of 10 years illustrates another effect of regulation on
the river. The magnitudes of expected low-flows for l-day, 7-day, and l4-day
periods are very similar, indicating that drought flows in the river are
relatively stable for as long as a month. The average 7-day low-flow with a
10-year recurrence interval (abbreviated 7Q10) is a commonly used index of low
flows, especially in water—quality planning. The 7Qjg values in table 9 are
used to specify drought flows for water—quality simulations in later sections

of this report.

Figure 9 near here

Table 9 near here
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FIGURE 9.--Low-flow frequency curves for the Truckee River near Vista illustrate that
regulation provides relatively stable low flows for periods up to 30 days long.



TABLE 9.--Summary of low-flow frequency statistics for selected gaging stations
on the Truckee River and Truckee Canal

[Log Pearson Type III distribution, zero flow days omitted from analysis.]

Probable discharge (ft3/s) for indicated

USGS Period Years Consecutive
average recurrence interval, in years
site of of days of
number Name record record low flow 2 5 10 20 50
10346000 Truckee River at Farad, Calif. 1973-82 10 1 245 115 68 42 22
7 259 128 79 51 28
14 276 139 87 55 31
30 342 188 117 73 39
1910-82 73 1 249 124 78 51 30
7 268 136 87 57 34
14 280 145 94 62 37
30 306 166 110 74 45
10348000 Truckee River at Reno, Nev. 1973-82 10 1 147 66 39 23 12
7 175 78 45 27 14
14 196 92 56 34 19
30 229 117 74 48 27
1913-19 47 1 106 44 24 13 6
1931-34 7 125 56 32 19 10
1947-82 14 138 66 39 24 .13
30 158 80 49 3l 17
10348200 Truckee River near 1978-82 5 1 91 31 13 5.8 1.9
Sparks, Nev. 7 104 37 17 7.5 2.6
14 114 43 21 10 3.8
30 128 56 30 16 7.0
1978-82 5 1 91 31 13 5.8 1.9
7 104 37 17 7.5 2.6
14 114 43 21 10 3.8
30 128 56 30 i6 7.0




TABLE 9.--Summary of low-flow frequency statistics for selected gaging stations

on the Truckee River and Truckee Canal--Continued

Probable discharge (fr.3ls) for indicated

usGs Period Years Consecutive
average recurrence interval, in years
site of of days of
number Name record record low flow . 2 5 10 20 S0
10350000 Truckee River at Vista, Nev. 1973-82 10 1 242 129 86 59 36
7 267 139 91 61 37
14 286 152 101 69 43
30 313 173 118 82 52
1901-07 52 1 217 105 61 35 17
1933-48 7 239 116 68 40 20
1950-54 14 254 128 78 47 25
1959-82 30 269 140 88 57 32
10350400 Truckee River below 1973-82 10 1 237 112 68 42 23
Tracy, Nev. 7 257 125 78 S0 29
14 ’ 275 138 88 58 34
30 303 159 103 69 41
1973-82 10 1 237 112 68 42 23
7 257 - 125 78 50 29
14 275 138 88 58 34
30 303 159 103 69 41
10351600 Truckee River Below Derby Dam  1973-82 10 1 8.7 2.8 1.7 1.1 .75
near Wadsworth, Nev. 7 12 3.9 2.3 1.5 .95
14 18 5.9 3.4 2.2 1.4
30 27 9.5 5.6 3.6 2,2
1961-82 22 1 4.0 1.4 .79 .50 .29
7 4.8 1.6 .89 55 .31
14 5.5 1.7 .95 .57 .32
30 6.9 2.1 1.1 .67 37

S0



TABLE 9.--Summary of low-flow frequency statistics for selected gaging ststions

on the Truckee River and Truckee Canal--Continued

Probable discharge (ft3/s) for indicated

UsSGS Period Years Consecutive
average recurrence interval, in years
site of of days of
number Name record record low flow 2 5 10 20 50
10351650 Truckee River at Wadsworth, 1973~82 10 1 18 5.7 3.1 1.9 1.1
Nev. 7 26 10 6.2 4.2 2.7
14 34 13 7.4 4.7 2.8
30 40 19 13 9.9 7.4
1966-82 17 1 17 7.0 4.4 3.0 2.0
7 23 11 8.1 6.3 4.8
14 28 13 9.4 7.1 5.3
30 31 19 15 13 12
10351700 Truckee River near Nixon 1973-82 10 1 38 21 16 13 11
7 44 25 19 15 - 12
14 50 27 20 16 13
30 54 28 21 17 13
1967-82 16 1 26 15 12 10 8.8
7 28 17 14 12 10
14 31 19 15 13 12
30 33 20 17 15 13
Truckee Canal Gages
10351300 Truckee Canal near 1973-82 10 1 4,7 1.0 44 .21 .09
Wadsworth, Nev. 7 14 2,2 .63 .19 04
14 23 3.4 .81 .20 .03
30 42 4.8 .82 .13 .01
1967-82 16 1 4.9 1.4 .68 .37 .18
7 16 3.3 1.2 .43 .12
14 25 5.3 1.6 .50 .10
30 42 7.6 1.7 .38 .05
10351400 Truckee Canal near 1973-82 10 1 .88 17 .06 .02 .01
Hazen, Nev. 7 4.1 1.6 1.0 .71 50
14 11 1.3 .24 .04 .00
30 20 8.9 5.8 4.1 2.7
1976-82 16 1 2.0 45 .17 .07 .02
7 3.9 1.0 .50 .26 .12
14 12 2.1 .52 .13 .02
30 18 7.6 4,7 3.1 1.9
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ASSESSMENT METHODS AND PROCEDURES

During the RQA planning process, it was concluded thag a predictive
water—quality model of the Truckee River would be useful for assessment of
probable impacts of current and future water-resource management on the
quality of the river and canal below Reno. Such a model would predict, in
response to alternative plans for waste-water treatment in the Truckee Meadows
for various river flow regimes, changes in concentrations of selected
constituents in the river and canal, and changes in loading to Pyramid Lake
and Lahontan Reservoir. 1In addition, the model could be used to assess the
relative importance to river quality of loadings of constituents from nonpoint
sources in the Truckee Meadows (as represented by loadings from Steamboat
Creek and North Truckee Drain), and of loadings from downstream surface and
ground-water nonpoint returns. Another benefit of modeling is the increased
understanding of cause—-and-effect relationships affecting water quality,
gained by studying the river system in the structured, quantified manner
required by a mathematical model.

Two principal flow regimes were chosen for modeling: (1) the latter part
of the summer when high-temperature and low—-flow conditions typically
prevailed and thus river quality could be expected to be under maximum stress,
and (2) spring snowmelt runoff conditions when the effects of water-quality on
fishery resources is a principal concern. In reviewing typical streamflow
records for these periods, it was concluded that streamflows were likely to be
relatively constant for these periods, allowing a steady-state model to be

used for the analysis.
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Variables chosen for modeling included dissolved solids (DS), ultimate
carbonaceous biochemical oxygen demand (CBOD,), dissolved oxygen (DO), the
principal nitrogen species [organic-nitrogen (ON), ammonia (total, NH4-N, and
un-ionized, NH3-N), nitrite (NOp-N), and nitrate (NO3-N)], and ortho- (P04-P)
and total phosphorus (TP). DS were included in the model as a conservafive
indicator of performance in mass-balancing inputs from the major sources of
point and nonpoint loadings to the river. DO and the nitrogen species were
selected because of concerns about toxicity to fish and the influence of
nitrogen nutrients on algal growth, both in the river and in the receiving
waters of Pyramid Lake and Lahontan reservoir. Phosphorus species also were -
chosen because of concerns regarding stimulation of algal growth. CBOD,, was
modeled as a potentially major oxygen demand.

A steady-state, one—dimensional, segmented stream—quality model (Bauer
and others, 1979) previously used in a number of USGS studies was selected for
this assessment. Consideration of data requirements for the model resulted in
a number of field studies to provide sufficient data for successful
calibration and validation of a useful model. The model requires estimates,
for each river and canal segment, of stream velocities (or traveltimes), and
channel hydraulic characteristics such as slope, depth, and width. Stream
reaeration capacity was expected to be an important component of the oxygen
balance, thus relations between reaeration and channel hydraulics needed
definition. Model calibration required a detailed set of water—quality data
for both the low- and high-flow conditions. Independent data sets were
required for model validation. These data requirements resulted in the design

and execution of the field studies for the RQA.
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Water—Quality Model

The computer model used in the assessment is described by Bauer and
others (1979). The model is steady-state, assuming that the various flows,
constituent concentrations, and other factors used do not vary significantly
with time (relative to total traveltime through the modeled reach) for>a given
simulation. Previous studies have demonstrated the utility of the model under
these assumptions (Bauer and others, 1978; Miller and Jennings, 1978; Crawford
and others, 1979, 1980; Goddard, 1980; Cain and others, 1980; Terry and
others, 1983, 1984). The model has been shown to produce comparable results
in steady~state simulations to the more widely used QUAL II model (Roesner and
others, 1977a, 1977b; National Council of the Paper Industry for Air and
Stream Improvement, 1980) in a comparative study of data from three river
basins (McCutcheon, 1983a, 1983b).

The model uses a modified Streeter—Phelps equation for dissolved oxygen
that incorporates terms for carbonaceous, nitrogenous, respiration, and
benthic demands for oxygen and for photosynthetic and atmospheric inputs.
Nitrogen transformations from organic-nitrogen to nitrate are described as
first-order reactions using equations developed by Thomann and others (1971).
Orthophosphorus may be modeled as a function of algal uptake and benthic
sources or sinks. The model also may simulate up to three conservative
substances by simple mass balance and two nonconservative substances assuming
first—order reactions. The model allows segmentations of the stream into as
many as 50 segments, with individual specification of channel hydraulics,
reaction rate coefficients, and point and nonpoint loadings for each segment.
In addition, each segment may receive a tributary inflow which is defined by

the results of a fully configured submodel with all the above specifications.
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As in any modeling study, a distinction needs to be made between a
general computer program that mathematically describes the processes being
simulated and the specific application with individual options and data
fine~tuned to a particular hydrologic system. The ‘later product of this study
will hereafter be referred to as the Truckee River Water—Quality (TRWQ) model.

Several modifications were made to the original computer program as
described by Bauer and others (1979) in the course of adapting the program to
the Truckee River system. These include enhancement of input and output
formats, expansion to include two independent nonpoint sources, options for
calculation of channel hydraulic properties and reaeration coefficents, and
addition of un-ionized ammonia and nitrogen/phosphorus ratios to the output
variables.

Processes considered in the model are shown conceptually in figure 10.
Inputs from the upstream river, tributary, point, and nonpoint source loadings
are mass—balanced at the start of each segment for each modeled constituent.
Conservative substances, by definition, are unchanged by reactions within the
water column. Most nonconservatives are modeled assuming first-order decay,
that is, the rate of loss or transformation of the substance with time is
proportional to the original concentration of the substance. Two rate
coefficients! are used to model most nonconservatives: (1) an instream decay
or removal coefficient defining the overall rate of loss of the substance to
the water column (coefficients ending in "R"), and (2) a reaction coefficient
defining the effects on other variables in the modeled reactions. For
example, CBOD“is lost from the water column at a rate that is a function of

the decay coefficient Kggr. A portion of the total loss is due to biochemical

l In this report all rate coefficients, unless otherwise specified, are

for base e and corrected to a standard reference temperature of 20 °C.
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oxidation (rate coefficient Kg); the remainder is considered to be lost to the
bottom sediment. Nitrogen is lost from the water columﬁ (coefficient Kygr). A
portion may be biochemically oxidized by bacteria (Ky); the remainder is
considered to be used as a nutrient by aquatic plants or lost to the bottom
sediments. Orthophosphorus may be used as a nutrient by algae (Kpg4a), or
lost to the benthos (Kpg4p). Optional modeling of additional nonconservatives

assumes loss to some unspecifed sink (Kycrj and Kycr2)-

Figure 10 near here

Oxygen modeling begins with a mass balance of all inputs, expressed as a.
DO deficit (the difference between the in-stream concentration and theoretical
saturation at ambient temperature and pressure). The atmosphere may be either
a source or a sink for oxygen, as defined by the ambient DO deficit and the
reaeration rate coefficent, Ky. Oxygen demands include the oxidation of CBOD,
(rate coefficient Kg) and nitrogenous biochemical oxygen demand (NBOD, rate
coefficient Ky). Daytime photosynthesis (P) of aquatic plants is another
source of oxygen; conversely, respiration (R) by plants constitutes an oxygen
demand, particularly at night when photosynthesis is inactive. Oxidation of

benthic deposits (B) is also a potential oxygen demand.
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Nitrogen transformations may be considered in the model as lump-sum
decays (rate coefficent Kyg) and oxidation (Ky) or, as in this study, may be
represented in detail as shown in figure 11. The process of converting all
forms of nitrogen to the nitrate, the oxidized end product of nitrogen, is
known as nitrification. Kinetics for each step in the nitrification process
are described by a rate coefficent for total decay (ending in "R") and a
forward-reaction coefficent for conversion to the next species in the cycle
(ending in "F"). The nitrogen cycle starts with organic-nitrogen, derived
from external sources and decaying organic matter within the water column.
Organic-nitrogen is decayed or lost from the water at an overall rate
described by the coefficient Kpyg; a portion of the nitrogen lost is due to
hydrolysis to ammonia at a rate described by the coefficient Kpyp.
Ammonia-nitrogen is removed from the water at a rate described by the
coeffcient Kypsr: a part of the loss is due to oxidation to nitriE? (KNg4F) -
Nitrite total loss is described by the coefficient (Kyg2gr); a paréi%ue to

oxidation to nitrate (Kygo2p). Finally, the resultant nitrate is removed from

the water at a total rate described by the coefficent Kyg3gr.

Figure 11 near here
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modeled in a sequential manner.
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River Segmentation for Modeling

Computer representation

The computer program used for the TRWQ model requires three levels of
detail in representing a physical river system (figure 12). First, the
main-stem of the river is divided into up to 50 segments on the basis of
considerations of uniform reaches with respect to channel geometry, tributary
inflows, diversions, and point and nonpoint sources of constituent loadings
affecting the modeled constituents. For each river segment, four sources of

loading can be modeled:

(1) A major tributary entering at the head of each segment.
Major tributaries are modeled in submodels, each of which

may be represented by 50 segments with all options.

(2) Minor tributaries and point sources entering at the head of

each segment.

(3) Surface nonpoint returns. Loadings are considered to be

uniform over the length of the segment.

(4) Ground-water nonpoint returns. Loadings are considered to

be uniform over the length of the segment.

Figure 12 near here
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FIGURE 12.--The computer program used for the TRWQ model provides for
realistic representation of a stream, its tributaries and return flows.
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Stream segments are further subdivided into computational elements based
on a specified element~1ength. The computer program mass—balances and decays
concentrations of modeled constituents over the length of each computational
element. The differential equations used for nonpoint sources are not
explicitly solved; instead the nonpoint loadings are assumed to be constant
for the length of the receiving model segment and are simply prorated by the
ratio of the lengths of the calculation increment to the total segment length.
The resultant incremental loadings are mass—balanced with the other inputs at
the head of each calculation increment. If no nonpoint sources are modeled,
the computational length is selected by the user based on the desired spatial
resolution of model outputs. If nonpoint sources are modeled, the length
should be based on_the desired spatial resolution and needed accuracy of
estimation or nonpoint loadings. With the Truckee River data, a calculation
interval of 0.01 mile produced acceptable results with modeled nonpoint

sources, and was used consistently for all simulations.

Segmentation for the Truckee River

Representation of the Truckee River by the model considered points of
change in channel geometry, locations of tributary inflows, locations of
diversions and returns, and delineation of areas of surface irrigation returns
and ground-water inflows. A map of the modeled reaches of the river is shown
in figure 13. Figure 14 is a detailed channel profile and schematic of
diversions and returns for the modeled reaches of the Truckee River and Canal.
For modeling purposes, the river was broken into 43 segments (table 10), 19 in
the 21-mile reach from the McCarran bridge in Reno (RM 56.15) to Derby Dam (RM
34.88; figure 15), and 24 in the 35-mile reach from Derby Dam to Marble Bluff

Dam (RM 0.00; figure 16). Major division of the river into subreaches was

6l



based on locations of tributaries with significant observed or potential
inflows, diversion dams, and reaches receiving return flows. Further
subdivision was based on changes in channel geometry, primarily with respect
to slope. Inputs from North Truckee Drain (RM 53.66) and Steamboat Creek (RM
53.53) are determined in separate submodels configured as indicated in figure
15. North Truckee Drain was modeled in one 0.26-mile segment from the
sampling site at Kleppe Lane to the mouth. Steamboat Creek was broken into
two reaches; from the sampling site at Kimlick Lane to the outfall of the
Reno-Sparks STP (0.62 mile), and from the STP outfall to the mouth (0.13
mile). Marble Bluff dam was chosen as the end of the model for the river.
Distance from the dam through the delta to Pyramid Lake depends upon lake

stage, and was approximately 3.5 miles in 1979,

Figures 13, 14, 15, and 16 near here

Table 10 near here

Segmentation for the Truckee Canal

The 3l.4-mile canal was divided into nine segments for modeling on the
basis of the location of diversion check dams that control water—surface
elevations (table 10, figure 17), Since the actual length of the canal varies
slightly with the stage of Lahontan Reservoir, the end of the model for the
canal is the terminal-control weir (CM 0.00), 0.06 to 0.08 mile above the

reservoir.

Figure 17 near here
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FIGURE 15.--The Truckee River from McCarran Bridge to Derby Dam is divided into

19 segments for representation by the TRWQ model, based on locations of )
tributaries, principal diversions, and nonpoint returns, and significant changes in

channel geometry.
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FIGURE 17.--The Truckee Canal is represented by nine segments In the TRWQ
model based on locations of irrigation check dams.
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Mathematical Representation
The computer program used in the TRWQ model is based on the equation for

the conservation of mass:

38, (D

where C constituent concentration,
t = time,
A = stream cross—sectional area,
Q = streamflow,
x = downstream distance, and
S = the sum of source and sink terms for constituent C.
This equation does not account for effects of longitudinal dispersion, an
assumption that is generally considered valid for steady—-state conditions.
Under steady—-state conditions, the change of concentration with respect to

time, dC/dt, is zero, and, in a given reach of stream, the discharge is

considered constant, therefore, equation (1) reduces to
U— = #35 , (2)

where U = mean stream velocity (Q/A), and C, x, and S are as previously

defined.

Conservative substances

Up to three conservative substances can be modeled with the computer
program. For the TRWQ model, dissolved solids was selected to serve as a
check on mass balance (see Appendix A). The computer program calculates
concentrations of conservatives by simple mass-balance at the start of each

model segment:



CpQp + CtQTr + CpgQps + CsrQsr + CowQaw
Cx = , (3)
Qo + QT + Qps + Qsr + Qgw

where C and Q refer to the respective concentrations and discharges for:
0, river at the start of the segment,
x, river at the end of the segment,
T, input from a major tributary (submodel),
PS, input from a point source,
SR, input from surface nonpoint returns, and
GW, input from ground-water nonpoint returns.

First—order processes [simple nonconservatives such as
biochemical oxygen demand (BOD) ]

The model application of equation 2 to a simple nonconservative such as

BOD balance for a stream is

dL
U — =-KL’ (‘0)
dx
where L = the ultimate concentration of the BOD or other nonconservative, and
K = the rate coefficient for BOD decay in the stream.

Mathematically, equation 4 is a first—order differential equation, in which
the amount of material at position x is proportional to the original amount by
a first-order rate coefficent (K). For boundary conditions L = Lo at x = 0,

this first-order equation integrates to

-K
Lt = LO e (t) > (5)

where Lg = ultimate BOD at initial time tg,

Ly = remaining BOD at time t, _

K

instream BOD decay rate coefficient (K; for CBOQe Ky for NBOD,
Kncr1 and Kycr2 for optional nonconservatives such as coliform

bacteria),

T



(a3
I

traveltime through the calculation interval (U/x), and

[]

e the base of natural logarithms, approximated by 2.72.
The computer program uses equation 5, with appropriate rate coefficieats,
to model CBOD, NBOD (if optional modeling of nitrification is not selected),

and optional nonconservatives. In the TRWQ model equation 5 was used to model

phosphorus (ortho- and total) as well as CBOD,.

Nitrogen Cycle

As previously stated, the computer model can optionally represent
individual forms of nitrogen within the nitrogen cycle. Nitrification from
ammonia to nitrate is believed to be principally due to nitrifying bacteria,

in a two-step process:

(1) Ammonia oxidation (Nitrosomonas bacteria):

2(NHZ>+ 3@2) = 2610;) + 4(H">+ 2(}120> + energy (6)

(2) Nitrite oxidation (Nitrobacter bacteria):

2{NOT” )Y+ O = 2 (NO~ + r 7
( 2) 2 3 enerey N

By equations 6 and 7, 3.43 mg of oxygen would be required to convert 1 mg
of nitrogen from ammonia to nitrite (equation 6) and 1.14'mg of oxygen to
convert | mg of nitrogen from nitrite to nitrate (equation 7). An interesting
implication of equation 6 is the production of hydrogen ions with the
oxidation of ammonia, indicatiang that nitrification should be accompanied by a
lowering of pH. In most systems, this increase in acidity is offset by

simultaneous increase in alkalinity as a consequence of photosynthesis of

carbon.
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Tuffey and others (1974) suggested that nitrification in rivers of
sufficient intensity to cause signifiéant oxygen depletion required either
shallow "surface active” reaches with good habitat for attached growths of
nitrifiers or tidal rivers or estuaries with very long detention times and
high concentrations of suspended material suitable as substrate for
nitrifiers. Shallow, high-gradient rivers with coarse streambed materials
such as the Truckee are considered prime habitats for nitrifying bacteria
given sufficient ammonia concentrations. Temperature and pH also greatly
affect the nitrification process. Nitrification rates increase with
temperatures above 10 °C and optimum ranges in pH have been found to be
between 7.0 and 9.0 (Zison and others, 1978).

The computer program used in the TRWQ model represents the nitrification
process by a set of first-order differential equations developed by Thomann
and others (1971). A description of the sequential equations and their
integrations 1s given by Bauer and others (1979). The sequence of reactions
is as previously described and shown in figure ll. The reactions are
represented using first—order rate coefficients for the total rate of loss
(decay) of each nitrogen species and the rate of transformation (forward
reaction) to the next form of nitrogen in the sequence. For each step, the
total rate of loss is greater than or equal to the forward reaction rate. If
the two coefficients are equal, then all loss is attributed to the forward
reaction to the next step in the nitrification process. If the total rate of
loss exceeds the forward reaction rate, then other sinks for nitrogen

(nutrient uptake by plants, loss to bed sediments, volatilization of ammonia),

are operative.



The set of first—order differential equations for the nitrogen cycle

are:

Organic—nitrogen:

Ammonia-nitrogen:

Nitrite-nitrogen:

3(ON)
3t

3(NHy)

3t

3(NOp)

at

3(NO3)

Nitrate-nitrogen:

where t
ON
NHy
NOo
NOj3
KoNr
KonF
KNH4R
KNH4F
KNo2R
Kno2F

KNO3R

at

traveltime,

-Konr(ON) ,

-Knusr(NH4) + Konp(ON)

~KNo2r(NO2) + Kyusar(NHg)

~Kno3r(NO3) + Kyo2F(NO2) ,

initial organic-nitrogen concentration,

initial ammonia-nitrogen concentration,

initial nitrite-nitrogen concentration,

initial nitrate-nitrogen concentration,

organic~nitrogen in-stream decay coefficient,

organic—nitrogen
ammonia-nitrogen
ammonia-nitrogen
nitrite-nitrogen
nitrite—nitrogen

nitrate—nitrogen

hydrol%§is coefficient,
in-stream decay coefficient,
oxidation coefficient,
in-stream decay coefficient,
oxidation coefficient, and

in-stream decay coefficient.
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Through sequential substitution, equations 8-11 integrate to the

following:

-K (t)
Organic-nitrogen: ON = (ON), e ONR

[A] e KONR(t) + [B] e_KNHQR(t)

Ammonia-nitrogen: NH

Nitrite-nitrogen: NOj

[F] e-KONR(t) + [G] e_KNHAR(t)

Nitrate-nitrogen: NOj
- t - t
+ [H] e KNOZR( ) + [I] e KNQ3R( )

KoNF
where [A] = - (ON) 4

Kya4r — Konr

(B] = (NH4), - [A]

KNH4F
[c]

— [A]
KNo2R — KoNR

KNH4F
[D] = (NHgy) o - [A]
KNo2R — KNH4R
KNH4F KNH4F
[E] = (NO2), - (NHg)o = [C] + - [A]
KNo2R — KnH4R KNO2R - KNH4R

g0

[Cc] e KONR(t) + [D] e_KNHAR(t) + [E] e—KNOZR(t)

(12)

(13)

» (14)

(15)



KNo2F

[F] c1,

Kyo3r — Konr

(Kyusr) (Knozr)

(6]

(B] ,
(Kno2r — Knu4r)(Kno3r — Knu4r)

KNo2F KNH4F
- (NOZ)O + [C] + [B] ’

KNo3rR — KNO2R KNo2rR — KnH4R

(H]

(1l

(NO3)y - [F] - [G] ~ [H] ,

(ON),, (NHg4),, (NOp),, (NO3), = organic—, ammonia-, nitrite-, and
nitrate~nitrogen concentrations at the
procf¢ding time step, and other terms
are as defined for equations 8-11.

Un-ionized ammonia

It is generally accepted that ammonia is toxic to fish and aquatic
invertebrates, and that un-ionized ammonia is the most toxic form (U.S.
Environmental Portection Agency, 1976). The Nevada single—~value water—quality
standard for ammonia throughout the modeled reach of the Truckee River is 0.02
mg/L as un—-ionized ammonia-nitrogen (NH3-N) (Nevada Environmental Commission,
1984).

Ammonia-nitrogen exists in water both as the ammonium ion (NH4*) and as
gaseous un—ionized ammonia (NH3—N)1. The concentration of each is controlled
by pH and water temperature (Thurston and others, 1974; Willingham, 1976; Yake

and James, 1983):

NH3 + n(Hz0) = NHi* + OH- + (n-1)H,0 (16)

1 Throughout this report, the term "ammonia” and the abbreviation "NH4-N"

will represent the total ammonia in the water column (NH4+NH3).

%l



The fraction of total ammonia-nitrogen in solution that is present in the

un-ionized form has been expressed as (Yake and James, 1983):

1
f = , ‘ (17)
(10(pKa - pH) + ]

where f = ratio of un—ionized ammonia to total ammonia (both expressed as N),
pKa = 0.09018 + 2729.92/(T + 273.18), and
T = water temperature, in degrees Celsius.

Thus the fraction of total ammonia existing in the toxic un-ionized form
increases exponentially with increasing water temperature and pH. Equation 17
is used in the TRWQ model to calculate concentrations of un-ionized
ammonia-nitrogen from calculated concentrations of total ammonia-nitrogen as a

function of the average pH and water temperature in each modeled segment.

Dissolved oxygen

The program uses a modified Streeter—Phelps equation for representing DO
that also incorporates terms for nitrogenous and benthic oxygen demands and
the effects of algal photosynthesis and respiration. The DO balance is

represented in the model by:

d(D)
U = =-KoD + KcL + KyN + B -P +R , (18)
dx
[in-stream [DO sup~ [CBODy_  [NBOD [Benthic [Photo-
change in plied DO de- DO de- DO de- synthetic
DO deficit] by re- mand ] mand] mand] supply and
aeration demand]

g2



where D DO deficit,
Ky = atmospheric reaeration rate coefficient,

Kc = the CBOL, deoxygenation rate coefficient,

c
1

the ultimate CBOD,

Ky = the NBOD deoxygenation rate coefficient,
N = the ultimate NBOD,
B = sediment oxygen demand,
P = photosynthetic oxygen production, and

R = photosynthetic oxygen repiratory demand.

Equation 16 has been integrated for steady-state conditions to yield:

D(¢) = Do e~Ka(t) (portion of initial DO deficit
‘ remaining after reaeration (19a)
KeLo
+ ——  (eKer(t)=e=K2(t)) (DO deficit due to CBOD) (19b)
K2-Kcr
Ky No
+ (e~Kn(t)- ¢7Kp(t)) (DO deficit due to NBOD) (19¢)
K2-Knr
B
+ (1 - e'KZ(t)) (DO deficit due to benthic demand) (19d)
Ko '
P
- (1 - e"Ka(t)) (DO supply from photosynthesis) (19e)
K2
R
+ (1 - e Ka(t)) (DO deficit due to respiration) (19£)
K2

The NBOD term above assumes modeling nitrogeneous demand by a first-order
representation. If zero-order kinetics are assumed, the term becomes:

KNo

(1 - e"Ka(t)) (DO deficit due to nitrogenous BOD) (19g)
K2

g3



For modeling the nitrification cycle, the NBOD term (19¢c) is replaced by:

Ammonia Oxidation: (19h)
[A] ~K0NR(t) ~K2(t)
Dngs4 = 3.43 (KN’HAF) e - e
K2 - Konr
[B] Kynar(t)  “Kp(®)
+ e - e ,
K2 ~ Kyusr
Nitrite Oxidation:
(c] Konr(®)  H,(®)
Dnyo2 = 1.14 (Kno2F) e - e (19i)
- ¥2 Kowr
[D] -Kng4r(t) -Ko(t)
+ e - e
K2 = Kynar
(E] -Kno2r(t) -Ka(t)
+ e - e b
K2 -~ Kyo2r
where Dyg4 = DO deficit due to oxidation of ammonia to nitrite,
DNo2 = DO deficit due to oxidation of nitrite to nitrate, and the other

terms are as previously defined.

&/



Phosphorus
The computer program used in the TRWQ model can optionally represent

orthophosphorus as the sum of losses to the benthos and to uptake by suspended

algae:

dLp
*T = - Kpoua Lp, ~ Kposp Lp CHLA (20)
dx
[change in [benthic [net algal uptake]
ortho- exchange]
phosphorus]

where LPO = initial orthophosphorus concentration,

[

Lp
t

orthophosphorus concentration at time t,

Kposa = algal orthophosphorus uptake rate coefficient,
Kpo4p = benthic exchange rate coefficient for orthophosphorus, and

CHLA

chlorophyll-a concentration.
For steady-state assumptions, equation 20 integrates to:

L

. - “P, e7Kpo4B() - Kppyp CHLA (1-e7Kp04a(t)) (21)

t

K5



Equations 20 and 21 were originally presented by Willis and others (1976)
for modeling orthophosphorus in streams. The approach a;sumes that algal
uptake can adequately be represented as a function of chlorophyll a
concentration. This approach was developed for streams in which chlorophyll
was predominately in the form of floating algae (phytoplankton), which éould
appropriately be represented by concentrations of chlorophyll a in the water
column. For streams with substantial populations of attached algae
(periphyton), and(or) rooted aquatic plants (macrophytes), use of equations 20
and 21 may not be appropriate. For final applications of the TRWQ model,
equations 20 and 21 were not applied; phosphorus was modeled assuming a simple
first-order rate of loss (equations 4 and 5), as discussed in the section on

model calibration later in this report.

Nitrogen/phosphorus ratio

The ratio of nitrogen to phophorus (N/P ratio) available as nutrients to
aquatic plants has been used as an indicator of which nutrient is more
limiting to growth of aquatic algae. One of the outputs of the revised
computer program is the N/P ratio defined by the atomic ratio of inorganic
nitrogen to orthophosphorus:

(ammonia + nitrite + nitrate)

N/P ratio = (moles/mole) (22)
(orthophosphorus)

o



Temperature correction of reaction coefficients

The program requires all specified reaction coefficients to be entered
for a standard reference temperature of 20 °C. Coefficients are corrected to
the ambient temperature for calculations by assuming an Arrhenius

relationship:

Kp = Kppe(T=20) | (23)

[l

where Kjq coefficient at the reference temperature (20 °C),
Kt = the Arrhenius (or Streeter-Phelps) coefficient at the ambient

temperature, T, and

6 = the Arrhenius (or Streeter-Phelps) coefficient.

The following values for theta are used in the computer program:

Theta (6) Reaction coefficients References

1.0241 K, Elmore and West, 1961

1.047 Ke, Ker Streeter and Phelps, 1925;
Velz, 1970

1.065 BN Thomann, 1974; Shindala, 1972

1.09 Ky, Knr> KnOF> KNOR> Stratton, 1966; Shindala,

Konrs Kna4F> Knn4Fs KNH4RS 1972
Kyno2r> Kyno2r» Kno3wr»
KNcr1s KNcrR2s Kposas KposB

§7



Collection and Analysis of Data

Data collection required to support construction of the TRWQ model can be
described in three categories: (1) channel geometry data used in defining
model segments and relations between hydraulic parameters and streamflow, (2)
reaeration studies to quantify reaeration rate coefficients used in the
computer model, and (3) synoptic water-quality surveys to acquire data for

model calibration and validation.

Channel Geometry

The computer program for the model requires accurate estimates of
traveltime and cross-sectional area for calculation of decay or transformation
of nonconservative substances. Average width is also required for
computations of benthic phosphorus exchange if modeled. In addition, stream
slopes are needed for some of the available predictive equations for
reaeration rate coefficients (X3). Collection of channel geometry data
involved three major work elements (1) dye—injection traveltime studies to
determine relations between traveltime and streamflow, (2) channel surveys to
determine stream slopes, and (3) analysis of aerial photography to estimate

relations between stream widths and flow.



Traveltime studies

During 1979 to 1981, 14 field studies were done to determine traveltime;
10 in the Truckee River and 4 in the Truckee Canal. These studies involved
injection of rhodamine WT dye in the river at the head of a subreach and
measuring, by fluorometric analysis at several downstream stations, the
traveltime of the resultant dye clouds. Methodologies used are described by
Hubbard and others (1982; field methods) and Wilson (1968) (fluorometry and
data analysis). Summary data from the studies are reported by La Camera and
others (1985). Results of the studies are summarized by Brown and others
(1986). These studies resulted in definition, for 1l reaches of the river and
9 reaches of the canal, of exponential relations between water discharge and
mean solute traveltime as exemplified by figure 18. Summary results are

published in Brown and others (1986).

Figure 18 near here

Channel surveys

River—-mile locations of major hydrologic features along the river and
canal were determined by digitizing data from orthophoto maps and aerial
photographs (Brown and others, 1986). Preliminary stream-slope data were
obtained from available topographic maps and previous surveys. In the fall of
1980, a detailed field survey was made of stream slopes for the Truckee River
below McCarran Bridge. Elevations of control structures on the Truckee Canal
were obtained from the files of the U.S. Bureau of Reclamation and by

supplemental field surveys in the fall of 1980.



TRAVELTIME FROM BOCA BRIDGE, IN HOURS

-t
o
o

N ] T L LI L LB L] 1 ¥ LN B I A B T T ] ) LI l_'
A ——— Regression line -
50[ - = = Estimated Line :
A  Farad gage 4
O  Mayberry Bridge i
O McCarran Bridge
20 + ® Vista 4
10 -
- Example : -
5¢F . -
Discharge at Farad gage = 400 cubic : i
- feet per second w
% Travel time: | s
to McCarran Bridge = 31 hours %
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DISCHARGE AT FARAD GAGE, IN CUBIC FEET PER SECOND

Estimated traveltime (T, in
hours) for the following
discharge ranges (Q, in cubic
feet per second)

Reach from

Boca Bridge to: 350-700 700-2,400
Farad gage T = 220Q70.55 1 = 170q70.52
Mayberry Bridge T = 420Q"0.50 T = 480Q~0.33
McCarran Bridge T = 780Q°0:34 T = 1,000qQ~0.38
Vista T = 870Q70:54 T = 1,100qQ70.58

FIGURE 18.--Traveltimes in subreaches of the Truckee River are related
exponentially to discharge. -
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Analysis of aerial photography

Aerial photographs were obtained of the Truckee River taken on August 6,
1979. Stream lengths and surface areas were digitized from these photos and
were used as a basis for estimating the relations between stream widths and

stream discharges.

Data reduction for modeling

It has been observed that basic stream hydraulic parameters of velocity,
depth, and width can be exponentially related to river discharge (Williams,
1978). The computer model has several options for calculation of channel

hydraulic parameters. For this study, velocity and width are calculated by:

vV =Vl QV2 (24)
and
W=Wl QW , (25)
where V = average velocity,
W = average stream width,
Q = stream discharge, and

V1, V2, W1, and W2 are empirical coefficients.

Once velocity and depth are determined the program calculates the remaining

factors by:

A =Q/V (26)

D = A/W , (27)

where A = mean cross—sectional area,

o
]

mean depth.
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The coefficients Vi, V2, Wl, W2, and average stream slopes for the 43
river segments énd 9 canal segments modeled are listed in table 11. The
velocity coefficients were determined by graphical and regression analysis of
the field traveltime data (figure 18), supplemented, where appropriatel, by
regression analysis of velocity and discharge data from gaging stationms.
Where a subreach between data sites contained multiple model segments,
interpolation was made assuming the coefficient V2 to be constant for the
subreach and calculating the coefficients V1 required to match observed

velocities.

Table 11 near here

1 Coefficients in equations 24 and 25 and the corresponding exponential
equations relating depth and area to streamflow are commonly derived by
regression of data from measurements of channel geometry and discharge at
stream-gaging stations. Extrapolation of coefficents from such point data to
longer stream subreaches for modeling can lead to significant errors in
predicted channel geometry. Sites for gaging stations are selected on the
basis of channel characteristics that may be atypical of upsteam and
downstream cross—sections. In addition, field measurements at gaging stations
may be made at more than one cross—section, depending upon flow. Low—flow
wading measurements are typically made in shallow, faster-moving sections,
whereas high-flow measurements are made from bridges or cableways that may
have totally different cross—-sectional geometries. Thus, truly reach-averaged
data such as information from tracer studies are the most appropriate for

derivation of velocity-discharge relationships for transport modeling.
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The coefficients for stream width (Wl and W2) were estimated from a
combination of regression analysis at gaging stations and the analysis of
aerial photographs at the 1979 low-flows. From the regression analysis of
data at gaging stations, an average value of 0.1 for W2 was selected for all
main-stem river segments. The coefficients Wl were then calculated from
widths derived from the aerial photographs. The reliability of these
coeficients decreases with higher streamflows, however, as applied in this
study, TRWQ model calculations are not affected by errors in either width or
the derived depth.

Reaeration Studies

The exchange of oxygen between the atmosphere and the water column is
proportional to the oxygen deficit relative to saturation and a factor known
as the reaeration coefficient (Kp). Although reaeration can be the most
important single factor in determining the oxygen balance in a stream, it has
been common in many modeling studies to use published estimates of K9, or to
predict the average value of Ky as a function of water velocity, depth, slope,
or other hydraulic parameters using one of several equations. Another
approach has been to estimate or predict an initial value for Ky, and then to
adjust Ky in calibration of model simulations to fit observed DO in the
assumption that all other sources and sinks of oxygen are better known than
the reaeration coefficient.

In anticipation that K9 would be a particularly important parameter in a
high—-gradient, relatively clean stream such as the Truckee, it was decided to
conduct field studies during the RQA to experimentally determine Ky for
selected reaches, and to use the field data to select the most appropriate
predictive equation for the Truckee River. Four field studies were performed

in October 1979 and July 1980 in two reaches, from Lockwood to Tracy, and from
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Wadsworth to Dead 0x (figure 13). The methods of Rathbun (Rathbuq and others,
1975, 1977; Rathbun, 1977, 1979) were used employing ethylene gas as a tracer
to determine gas exchange coefficents and rhodamine WI dye as a solute tracer.
Basic data from these studies are published in La Camera and others (1985).
Reaeration coefficient (K3) in a reach has been determined experimentally
(Rathbun and Grant, 1978) to be

Ky = 1.15Kp , (28)
where Ky, the desorption coefficient for ethylene gas is

e
1 E; upstream

K = 1n s (29)
tq—ty Ce

CpJ downstream

3]
>
o
a}
(]
ad
o
It

time of peak concentration of dye downstream,

-t
[+
]

time of peak concentration of dye upstream,
Cg = peak concentration of ethylene gas,

peak concentration of dye, and

(@}
o
1

o
]

ratio of upstream dye mass to downstream dye mass.

For a river without diversions, J is (QuAu/QdAd), where A is the area under
the concentration versus time curve of the dye for the upstream (Ay) and
downstream (Ag) sites. For a river with diversions

QuAy

J = , (30)
QaAg+IQiA;

diversions
in reach

where Qi is the diverted flow and A; is such that Ay>Aj>Agq. Qi is measured

and A; (concentration—time area for the diversion) has to be estimated. The
above calculations are for K, at the ambient field temperature, which can then

be corrected to 20 °C by equation 23.
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Results of the Truckee River reaeration studies are summarized in tables

12 and 13. These data were then combined with a similar data set from the
Yampa River, a similar mountain stream in Colorado (Bauer and others, 1978),
and used to test 10 equations commonly used to predict reaeration coeffcients
for oxygen modeling. This analysis (table 14) indicated that the
energy-dissipation model of Tsivoglou and Neal (1976) gave the best prediction
(figure 19). The energy-dissipation equation expressed Ky as a function

traveltime and head loss:

delta H
Ko = C (31)
T
where Ky = stream reaeration coefficient,
H = head loss in reach, in feet,
T = traveltime, in hours, and
C = oxygen escape coefficient.
Since S = (delta H)/x
and v = x/T,
where S = stream slope, x = distance, and v = velocity,
equation 31 can be expresed as:
Ko =CS8Swv (32)

/00



. Tsivoglou developed estimates of the exchange coefficient based on tracer

studies in five rivers in the eastern and southeastern states. He did not
propose that a single value for C existed for all rivers, but rather that the
value of C varied between rivers as a function of water quality and other

factors. Tsivoglou suggested a preliminary range of values to consider for C:

Escape
coefficient
BODg (c)1 Stream quality
2 or less 6,500 "lightly polluted stream”
about 15 4,100 "average stream”
up to 30 2,300 "heavily polluted stream”

1 Corrected to 20 °C and for consistent units:
slope in feet per foot, velocity in feet per

second.

Using a linear regression on the combined Truckee and Yampa data set resulted
in C = 4,370 (r2 = 0.84, standard error of estimate = 2.8/day), which differs

by 7 percent from Tsivoglou's suggested average value of 4,100.

Figure 19 near here

Table 12, 13 and 14 near here
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TABLE 14,--Comparison of field data for the reaeration coefficient (Kz) with 10 predictive equations commonly

used in water—quality modeling

[Data sources—-Data from gas-tracer studies on the Truckee River (11 points, K; from .35 to 3.5) and the Yampa

River, Colo. (Bauer and others, 1979} 6 points, Ky from 7.3 to 30.5). Abbreviations and units—H, mean depth

- U
(ft); U, mean velocity (ft/s); S, slope (ft/ft); U*, shear velocity C{Eﬁgg; F, Froude number (. —);
u

g, gravitional constant (ft/sz); T, traveltime (hours).]

Equation performance

Mean errorl

Standard error
of estimate?

0 = observed Ky, and
N = number of data points

2 (P - 0)2
Standard error of estimate = \|IL -

100

Equation
) %
Number Ref erence Equation for K; (base e, l/day at ZQ:C) (1/day) Rank (1/day) Rank
) Churchill and otheriy .0345 y2-695 y-3.085 g-.823 -1.5 10 9.2 9
1962
2) Dobbins, 1965 117 (1.0 + F2) u~1(us)+375 coth (4.10(us)-125| -1.8 2 4.8 2
(0.9 + F)l.5 (0.9 + F)*5
M) Isaacs and Gaudy; 8.61 U H-1:5 ~4.7 S 6.7 5
1968
N (4) Langbein and Durum, 7.61 y p-1.33 -5.2 6 7.2 6
1967
> (5) 0'Connor and Dobbins, 12.3 U-5 g-1.5 -2.5 4 5.5 4
1958
No(6) Padden and Gloyna, 6.86 U-703 y-1.054 5.3 7 7.7 7
1971
N (D) Parkhurst and 48.4 (1 + 0.17 F2 (us)-375 y-! 6.6 8 8.6 8
Pomeroy, 1972
N (8) Thackston and 24.9 (1 + F-3)u * n-l -2.4 3 5.2 3
Krenkel, 1969
N9 Tsivoglou and 4100 US -.69 1 2.9 1
Wallace, 1972
v (10) Velz, 1970 -1440n71 1a [1 - .00370871n-5) ~6.9 9 9.4 10
m = 2.28 + .721 H (for H < 2.26)
@ = 13.9 1n(H)-7.45 (for H > 2.26)
1 P -0
Mean error = [ »
N
where P = predicted Ky,



A linear regression using just the Truckee River data resulted in
C = 3360. Comparison simulations of predicted versus observed oxygen
concentrations for the August 1979 synoptic data led to the incorporation of
the lower value (only Truckee River data) in the TRWQ model.

Concern was expressed in the beginning of the RQA on the effect of
agricultural diversion dams on the river on reaeraton. These structures are
low—head (2 to 4 feet) dams composed of rocks and rubble to maintain head for
diversion into agricultural ditches through fixed control gates. As a test of
effect of these dams on predicted reaeration coefficients, a regression
analysis was done on Truckee River data alone, divided into two data sets:

(A) only those reaches containing no diversion dams, and (B) all reaches,
including dams. The results are shown graphically in figure 20 and tablulated

below:

Correlation Standard
coefficient error of
Data set C (r2) estimate
(A) all reaches 3360 " 0.76 2.2
(B) reaches 3550 .68 2.2
without
dams

Figure 20 near here
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This analysis did not indicate a significant difference in C for reaches
with and without diversion dams. A working hypothesis for this lack of
difference is that the the energy dissipation model includes effects of the
head of the dams in the overall slope of the reach.  Expressed in another way,
the low-head rock rubble dams in the Truckee River can be considered to have
essentially the same effect as a natural set of rapids in a reach with the
same gradient. To account for the effects of the larger concrete dams in the
system (Derby and Numana), the river was segmented for modeling so as to
represent the dams as a short, high-gradient reach. Prediction of reaeration
in the model probably decreases in reliability with higher flows. The
reaeration field studies were 3ll done at relatively low flows, which may bias
the range of flows for which the derived C values are applicable. 1In
addition, the representation of the basic channel-geometry factors may be
inaccurate at higher flows.

In summary, Ky coefficients in the model are predicted for each segment
by applying equation 32 with a C value of 3,360 and estimates of velocity
based on the exponential relationships to discharge (table 11). Kjp values are
corrected from the 20 °C standard temperature to ambient stream temperatures

using equation 23 (6 = 1.0241).
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Synoptic Water-Quality Studies

Four intensive studies were conducted in.June and August of 1979 and 1980
to obtain water—quality data for model calibration and validation. These
sampling studies were synoptic with respect to time; that is, the entire
modeled reach of river and canal was sampled during the same 1l- to 3—day
period. During these studies, the Truckee River and Canal, North Truckee
Drain, Steamboat Creek, and the Reno-Sparks STP outfall were sampled at 2- to
4-hour intervals over 24— to 36-hour periods. These intensive field studies
resulted in collection of more than 1,000 water samples and more than 20,000
individual measurements of water—quality charécteristics. Raw data and
details of methods used in sampling and analysis during the synoptics are
presented by La Camera and others (1985). A summary of the data and methods
used in data reduction are in Appendix A of this report.

Sampling sites for the synoptic studies are shown in figure 13, and
listed in table 15. The Verdi and Mayberry sites were not used directly in
the modeling, but were added to give information on changes in water quality
through the Truckee Meadows above the modeled reach. The McCarran Bridge,
Kleppe Lane, and Kimlick Lane sites define initial quality for the main-stem
river and two tributary submodels. Sampling at the Reno-Sparks STP outfall
established input loadings from the treatment plant. Downstream river and
canal sites provided data for calibration and validation of the rate

coefficients developed for the model.

Table 15 near here
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TABLE 15.--Synoptic sampling sites and summary of available water—quality data

USGS site identification numbers: Station numbers used to identify sites in USGS reports and the WATSTORE and STORET

data bases.

River mile: For Truckee River, mileage above the spillway at Marble Bluff Dam; for the Truckee Canal, mileage above weir

and control gates to drop flume into Lahontan Reservoir; for tributaries, mileage to the confluence of the tributary

with the Truckee River (mileage along the tributary above the mouth shown in parentheses).

Alcitudes: Approximate water surface expressed in feet above mean sea level.

Data availability: Basic schedule for all synoptics included bihourly field determinations of water and air

temperatures, barometric pressure, dissolved oxygen and percent saturation, and specific conductance, with samples

taken every %wws ' hours for laboratory analyses for nitrogen and phosphorus species (organic-~, ammonia-~, nitrite-, and

A

nitrate-nitrogen, total and ortho-phosphorus), and CBOD (20-day time-series determination of rates and concentrations).

Additional samples are denoted by: A, alkalinity; DS, dissolved solids (ROE at 180 °C); BN, total and nitrogenous BOD;

AGP, algal growth potential bottle test; P, phytoplankton biomass, chlorophyll a & b; PS, phytoplankton speciation and

cell counts; T, turbidity; F, field measurements only.

Nutrient analyses were on whole-water samples (totals) for June

1979 and on filtered samples (dissolved or soluble) for the remaining synoptics (with replicate whole-water samples at

selected sites.

Data avalilable from synoptic surveys

Miles
Map USGS site below a) (B) ©) (0))]
number  identi- mouth of June August June August
(f1g- fication . River Steamboat Altitude 6-8, 8-10, 5-6, 13-14,
ure 19) number Site nane mile Creek (feet) 1979 1979 1980 1980
Truckee River above Reno-Sparks urban area:
1 10347050 Bridge at Crystal Peak 74.30 -20.77 4852 -— -— T, BN, P, T, BN, P,
Park at Verdi PS, AGP PS, AGP
2 10347690 Mayberry Drive bridge 65.70 -12.17 4611 — -— T, BN, PS, T, BN, P,
near Reno AGP PS, AGP
Truckee River at beginning of modeled reach:
3 10348200 McCarran Ave. bridge 56.12 -2.59 4384 A, BN A, BN, P, T, BN, P, T, BN, P,
(gage near Sparks) PS, AGP PS, AGP PS, AGP
Major tributaries and inputs to modeled reach:
4 10348300 North Truckee Drain at 53.66 -.39 4375 A, BN BN, P, PS, T, BN, P, T, BN, P,
Kleppe Lane bridge (.26) AGP PS, AGP PS, AGP
5 10349980 Steamboat Creek at 53.53 -.75 4375 A, BN BN, P, PS, T, BN, P T, BN, P,
Kimlick Lane bridge (.79) A, AGP, DS  PS, AGP PS, AGP
6 10349989 Reno-Sparks STP outfall 53.53 -.13 4374 A, BN BN, P, T, BN, T, BN, P,
(.13) AGP, DS AGP AGP
PS, AGP AGP
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TABLE

15.,—Synoptic sampling sites and summary of available water—quality data—Continued

Data available from synoptic surveys

Miles
Map USGS site below (A) (8) ©) D)
number identi- mouth of June August June August
(fig- fication River Steamboat Altitude 6-~-8, 8-10, 5-6, 13-~14,
ure 19) number Site name mile Creek (feet) 1979 1979 1980 1980
Truckee River sites between Steamboat Creek and Derby Dam:
7 10350000 Gage at Vista 52.23 1.30 4371 A, BN A, P, DS T, P, T, P, PS,
8 10350050 Bridge at Lockwood 50.05 3.48 4345 A, BN P, PS, A, T, BN, P, T,P,PS,
AGP PS, AGP BN, AGP
9 10350200 Bridge near Patrick 44,92 8.61 4279 A, BN A, P, DS T, PS T, PS, P,
(McCarran Ranch) AGP
10 10350400 Bridge at Tracy 40,62 12.91 4243 A, BN -— T, P, PS —_
(Tracy gage)
11 10350500 Bridge at Clark 38.60 14,93 4229 - A, P, DS, -_— AGP, T,
AGP P, PS
12 10351000 Derby Dam (canal gate 34.88 18.65 4204 A, BN DS, A, BN T, BN, P, T, BN, P,
above dam) (canal P, PS, AGP PS, AGP PS, AGP
’ mile
31.42)
Truckee River sites below Derby Dam:
13 10351600 Gage below Derby Dam 34.49 19.04 4187 A, BN DS, A, P, F F
PS
14 10351619 Bridge at Painted 29.97 23.56 4117 - -— T, BN, P, T, BN, P,
Rock PS, AGP PS, AGP
15 10351648 01d U.S. Highway 40 23.69 29.84 4047 A, BN DS, A, P, T, BN, P, T, BN, P,
bridge at Wadsworth AGP PS, AGP PS, AGP
16 10351690 Dead Ox Wash 13.18 40.35 3960 A, BN DS, P T, PS T, P, PS,
AGP
17 10351750 State Highway 447 bridge  3.22 50.31 3877 A, BN DS, A, P, T, BN, P, T, BN, P,
at Nixon AGP PS, AGP PS, AGP
18 10351775 Marble Bluff Dam 0.00 53.53 3855 A, BN A, P, PS, T, BN, P, T, BN, P,
AGP PS, AGP PS, AGP
Truckee Canal:
19 10351320 U.S. Highway 95A bridge 18.23 31.84 4190 A, BN DS, A, P, T, P, PS, T, P, PS
near Fernley AGP PS, AGP PS, AGP
20 10351367 Allendale check dam 11.07 39.00 4181 - -— T, PS T, P, PS,
AGP
21 10351590 U.S. Highway 50 bridge A4 49.63 4170 A, BN DS, A, P, T, BN, P, T, BN, P,
near Lahontan Reservoir PS, AGP PS, AGP PS, AGP

(12



The synoptic studies sampled a wide_range of streamflow conditions
spanning discharges with probabilities of exceedance ranging from about 5 to
95 percent, as shown by the flow-duration curve in figure 21. Although the
two June studies were designed to represent typical spring runoff periods,
because of the 1977-79 drought in Nevada, the June 1979 data set represented

much lower flows than the June 1980 data set.

Variability of streamflow during and preceding the synoptic studies is
shown by the precipitation and streamflow hydrographs in figure 22. Due to
the low snowpack conditions in the Sierra Nevada in the winter of 1979, the
June 1979 synoptic study sampled the end of the snowmelt period. In contrast,
the June 1980 study sampled a more normal and relatively steady snowmelt
runoff prior to the spring recession. Average spring flows at the Vista gage
are 1,760 ft3/s for May and 1,000 ft3/s for June; sampled flows were 490 ft3/s
for the June 1979 study, and 2,010 ft3/s for the June 1980 study. The two
August studies sampled typical summer runoff patterns, although the flows (260
and 300 ft3/s at Vista) were less than average for the month (440 ft3/s,
1973-82). The only synoptic study with precipitation in the preceding 5-day
period was the June 1980 study, with 0.12 inch of rainfall measured at Reno on
June 4 and a trace on June 2 and 5. No overland runoff was noticed in the
washes between Reno and Derby Dam following this event, although some later
evidence of runoff was seen in washes between Wadsworth and Pyramid Lake that

could have affected streamflow and quality in that reach of the river.
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Discussions of the water—quality characteristics of the river and canal
observed during the four synoptic studies are included in a following section

on model calibration and validation.

Figure 22 near here

Nonpoint Source Loadings

One potential use for a calibrated water—quality model is to evaluate the
relative impact on water quality of point and nonpoint sources of pollutants.
For the TRWQ model, point sources include the Reno-Sparks STP, and inputs from
the two tributaries draining the Truckee Meadows, North Truckee Drain and
Steamboat Creek. Nonpoint-source loadings of significant interest include
surface irrigation returns and ground-water inflows below Reno. Application
of a model to evaluate the nonpoint loadings required development of methods
for estimating the quantity and quality of irrigation returns and ground-water
inflows for both the synoptic data sets used in model calibration and for

simulation of future conditions.

Surface irrigation returns

Truckee River water is cycled through 14 principal agricultural
diversions between Reno and Pyramid lake (tables 4 and 7 and figures 13-16)
that divert water from the river and return agricultural drainage via return
ditches or direct overland runoff. In addition, diversions from the first 8
miles of the Truckee Canal are applied to fields that are adjacent to the

river north of the canal.
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Relation of these diversions and associated returns to the TRWQ model
segmentation are sho&n in figures 15 and 16. The diversions were represented
in the model as withdrawing water at the head of the affected model segment.
Surface irrrigation returns were modeled as uniformly distributed nonpoint
returns for which average concentrations of constituents and total quantity of
water returned over the subreach are specified as part of the input data. For
segments with more than one diversion, the diversions were totaled and modeled
at the head of the segment. For segments receiving returns from multiple
diversions, the quantities of return flows were summed and attributed to the
largest single source for that segment. Return flows are linearly distributed
over the length of the receiving model segments.

Representation of the quality of irrigation return flows for 43 modeled
river segments is shown in table 16 as derived from an analysis of sampled
diversions and returns along the Truckee River and a statistical analysis of
agricultural returns in a similar environment in Carson Valley, Nev. (see
Appendix B). Estimates of the quantity of return flows were made by an
initial assumption that 50 percent of the diverted water returns to the river
(Claude Dukes, Federal Watermaster, 1980, oral communication) and then
adjusting the estimates with an overall flow balance for the river (see

"Streamflow Balance"” below).

Table 16 near here
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TABLE 16.—Estimates of the quality of surface irrigation-return flows
used for modeling
[Estimates based on analysis of data from Carson Valley, Nevada,

(Appendix B, table Bl) except as noted.]

Constituents and units Modeled concentration

Dissolved solids (mg/L) 1.2 x concentration at point of diversion
Dissolved oxygen (mg/L) .7 x concentration at point of diversion
CBOD ultimate (mg/L) 10 (segments 1-29, 34-43)a

25  (segments 30-33)b

Nitrogen (mg/L as N)

organic 1.3a
ammonia .1a
nitrite .14
nitrate .3

Phosphorus (mg/L as P)
ortho «5

total .6

a Based on Truckee River data, table Bl.

b Based on model calibration, see text.
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Ground-water inflows

Ground-water inflows to the river occur as discharges from regional
ground-water flow systems and from ground-water returns from irrigation,
especially with repect to the agricultural area near Fernley irrigated by
diversions from the Truckee Canal. Estimates of the quality and quantity of
ground-water inflows to the 43 model subreaches are listed in table C8.

Derivation of these estimates is described in Appendix C.

Streamflow Balance

Application of the computer model assumes that, at any given point in the
river, the flow is steady with respect to time. Streamflows used in
calibration and validation of the model represented average flows for the
duration of eaéh synoptic study. For each of the four synoptic data sets used
for model calibration, a flow—réuting procedure was developed to balance
estimates of diversions and return flows with measured and gaged streamflow at
the sampling sites for the river and the canal. The procedures developed were
generalized for developing estimates of diversions and returns for future
simulations with the model. Mass balance of the estimated dissolved solids
was used as a check for gross errors in the estimates of diversions and

returns.
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Truckee River

Data used to balance streamflows included instantaneous discharge
measurements made during the synoptic studies, records at gaging statioms,
diversion measurements from the office of the Federal Watermaster, and
independently developed estimates of ground-water return flows. At low to
medium flows, precision of available flow records on the Truckee River is
generally poor in relation to the magnitude of diversions and returns to an
individual model segment. For example, daily discharge records for U.S.
Geological Survey gages during the synoptic studies were rated in accuracy
from good (*10 percent) to poor (probable error greater than *15 percent),
depending on site and study. At a river discharge of 300 ft3/s, the probable
error in daily flow at a gage could thus be in the range of 60 to 90 ft3/s,
considerably greater than the magnitude of individual diversions or returas.

Developing the flow balance for each study was an iterative process
applied to model reaches between gages. Ground-water return flows were
initially estimated using the methods described in Appendix C (table C7).
Irrigation—-return flows were estimated to be about 50 percent of the diverted
quantity. Measured flow differences in a reach were then compared to the sum
of estimated diversions and returns, and adjustments made to the individual
estimates as deemed appropriate. Mass balance of dissolved solids was used as
a guide in making the adjustments. After a reasonable match between observed
and estimated flow was achieved for each of the four data sets, adjustments
for each river reach were compared between data sets, and a final uniform set
of rules developed for the estimates. The final procedure used is specific to

reach and flow regime.
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A summary of the procedures developed for balancing estimates of flow for
the Truckee River is given in table 18, including specific factors used in
developing the streamflow balances for the four synoptic data sets. Table 17
provides the starting estimates of surface and ground-water returns, and the
final adjusted estimates used for each of the four synoptic data sets. To the
extent that flow regimes and diversion practices are similar to those listed
in table 17, the guidelines develped for the synoptic data sets can be used to

estimate return flows for other simulations.

Tables 17 and 18 near here

Truckee Canal

The canal loses water along most of its 34-mile length between Derby Dam
and Lahontan Reservoir to seepage through unlined sections, via two direct
spillways back to the Truckee River, and to agricultural diversions. The only
sources of inflow other than river diversions at Derby Dam are occasional
flash-flood flows in ephemeral washes draining adjacent desert mountain
ranges. Accurate representation of streamflow in the model for the canal thus
is not required for accounting of input loads, but rather to accurately
represent diminishing streamflows as a basis for calculating velocities and

traveltimes for nonconservative substances.
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TABLE 17.--Estimates of Truckee River tributary inflows, diversions, and returns used for modeling
[Initial estimates for irrigation returns and ground-water return flows adjusted to observed difference in streamflow
I8
between gages by procedures outlined in table 8. Origin--number of modeled segment containing diversion that is the

source of the surface return flow.]

River segment

Initial esti-

Modeled tributary, diversion, and adjusted return flows

for calibration/validation data sets

/R2

modeled tribu~- Starting mates for
taries, diversions river Length flow balance (A) June 1979 (B) August 1979 (C) June 1980 (D) August 1980
and returns mile (mi) (Fe3/s) (£e3/s) origin (5:3/3) origin (ft3/s) origin (£t3/s) origin
McCarran bridge 56.12 2.46
(Sparks gage)
starting river flow: -_ 375 160 1,780 155
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 0 0
N. Truckee Drain 53.66 .13
+ North Truckee Drain -_— 40 50 50 40
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 0 0
Steamboat Creek 53.53 1.30
+ Steamboat Creek: -_— 50 40 145 70
+ Reno-Sparks STP: — 25 30 35 35
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 0 0
Vista gage 52.23 .98
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 0 0
Largomarsino divs. 51.25 .35
- Noce diversion (left): a -2 -4 -2 -2
= Murphy diversion (right): a =22 =23 -18 -17
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 0 0
Below Largo. divs. 50.90 .85
+ Surface return (50% Noce + 2.1 (5) 3.0 (%) 1.2 (5) .8 (5)
1% Murphy div.)
+ Ground water 0 0 0 0 0
Lockwood bridge 50.05 .15
+ Surface return (22 Murphy div.) .7 (5) Jd (%) 4 (5) .2 (5)
+ Ground water Q 0 0 .5 0



TABLE 17.--Estimates of Truckee River tributary inflows, diversion, and returns used for modeling--Continued

. Modeled tributary, diversion, and adjusted return flows
River segment Initial esti-

for calibration/validation data sets

modeled tribu-~ Starting mates for
taries, diversions river Length flow balance (A) June 1979 (B) August 1979 (C) June 1980 (D) August 1980
and returns mile (mi) (ft3/s) (ft3/s) origin (ft3/s) origin (ft3/s) origin (ft3/s) origin
8 Groton diversion 49,90 1.65
+ Long Valley Creek b 0 0 0 0
= Groton diversion: a -5 ~4 0 -3
+ Surface return (50% Groton + 14 (5) 10.1 (5) 4.3 (5) 3.8 )
247 Murphy div.)
+ Ground water 0 0 0 5.8 0
9 Mustang bridge 48.25 1.57
+ Surface return (232 Murphy div.) 9.1 (5) 7.1 (5) 4.1 (5) 2.6 (5)
+ Ground water 0 0 0 5.7 0
10 McCarran pool 46.68 .33
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 1.2 0
11 McCarran div. 46.35 1,43
- McCarran diversion: a =22 -13 ~20 ~10
+ Surface return (5% McCar. div.) 2.0 (11) 1.3 (11) 1.0 (11) 3 (11)
+ Ground water 0 0 0 5.1 0
12 Patrick bridge 44,92 2.04
+ Surface return (45 % McCar. div.) 17.1 (11) 7.8 (11) 9 (11) 3 (11)
+ Ground water 0 0 0 7.2 0
13 SP Railroad bridge 42.88 .86
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 3.1 0
14 Hill diversion 42,02 1.26
~ Hill diversion: a -4 -6 0 -7
+ Surface return (62 Hill div.) R (14) .5 (l14) 0 3 (14)
+ Ground water V] 0 0 4,5 4]
15 Tracy diversion 40.76 .14 ]
~ Tracy diversion a -4 -4 ~4 -4
+ Surface return (3% H111 div.) .2 14) .3 (l4) 0 Jd 0 (14)
+ Ground water 0 0 0 5 0
16 Tracy br. (gage) 40.62 2,02
+ Surface return (41% Hill div.) 2.8 (14) 3.2 (14) 0 1.9 (16)
+ Ground water 0 0 0 7.2 0
17 Clark bridge 38.60 1.50
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 5.3 0
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.TABLE 17.--Estimates of Truckee River tributary inflows, diversion, and returns used for modeling-—Continued

River segment

Initial esti-~

Modeled tributary, diversion, and adjusted return flows

for calibration/validation data sets

modeled tribu- Starting mates for
taries, diversions river Length flow balance (A) June 1979 (B) August 1979 (C) June 1980 (D) August 1980
and returns mile (mi) (ft3/s) (£t3/s) origin (ft3/s) origin (ft3/s) origin (£t3/s) origin
18 RM37.1 37.10 1.50
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 5.3 0
19 Derby pool 35.60 .72
+ Surface return 0 0 0 0 0
+ Ground water 0 0 0 2.6 0
20 Derby Dam 34,88 .36
~ Truckee Canal d -390 =220 -130 =205
+ Surface return 0 4 (20) 4 (20) 3.5 (20) 4 (20)
+ Ground water 4€ 0 0 0 0
21 Derby cableway 34,52 3.24
(Below Derby gage)
+ Surface return 0 3.6 (21) 3.6 (21) 31.1  (21) 3.6 (21)
+ Ground water 3.6¢ 0 0 0 0
22 Washburn Dam 31.28 1.31
- Washburn diversion: a -6 -2 -5 -1
+ Surface return (50% Wash. div.) 3.5 (22) 1.6 (22) 15.0 (22) 1.8 (22)
+ Ground water 1.4 0 0 0 0
23 Painted Rock br. 29,97 .62
+ Surface return 0 J 0 (23) J 0 (23) 6.0 (23) J 0 (23)
+ Ground water 7€ 1] 0 0 0
24 Gregory-Monte div. 29.35 1.35
~ Gregory-Monte diversion: a -5 -8 -10 -5
+ Surface return (23% Greg. div.) 2.3 (24) 1.9 (24) 15.5 (24) 2.4 (24)
+ Ground water 1.4€ 0 0 0 0
25 RM 28 28.00 1.25
+ Surface return (24% Greg. div.) 2.2 (25) 1.8 (25) 4.6 (25) 2.3 (25)
+ Ground water 1.4€ 0 0 o] 0
26 Herman diversion 26,75 .80
~ Herman diversion: a ~-11 ~14 0 -5 -15
+ Surface return (2% Herman div.) 1 (26) 1 (26) 7.8 (26) 1.1 (26)
+ Ground water .9e 0 0 0 0
27 Pierson diversion 25.95 2,05
- Pierson diversion: a -8 0 -5 -6
+ Surface return (50% Pierson + 8.2 (27) 3.5 (27) 26,1 (27) 9.1 (26)
38% Herman div.)
+ Ground water 2.,3¢ 0 0 0 0
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TABLE 17.--Estimates of Truckee River tributary

inflows, diversion, and returns used for modeling——Continued

taries, diversions

River segment
modeled tribu- Starting

river

Modeled tributary, diversion, and adjusted return flows

Initial esti~

mates for

for calibration/validation data sets

Length flow balance (A) June

1979

(B) August 1979

(C) June 1980

(D) August 1980

and returns mile (mi) (fe3/g) (£t3/8) origin (ft3/s) origin (£e3/8) origin (£e3/8) origin
28 Proctor diversion 23.90 .21
- Proctor diversion: a -8 0 ~-15 -6
+ Surface retura (10X Herman div.) 1.1 (26) 50 (28) 2.6 (28) 1.6 (26)
+ Ground water .3e 0 0 0 0
29 Wadsworth bridge 23.69 1.14
(gage)
~ Olinghouse #1 div. (pump) of 0 0 0 0
+ Surface return 0 0 0 3.7 (29) 0
+ Ground water 4.8 4.8 4.8 4,8 4.8
30 Fellnagle div. 22.55 1.15
-~ Fellnagle diversion: a 0 -6 ~-10 =11
+ Surface return (2% Proct. + .1 (28) 0 4.2 (30) .2 (30)
2% Fell. div.)
+ Ground water 4.9 4.9 4,9 4.9 4,9
31 RM 21.4 21.40 1.56
+ Surface return (5% Proctor + 3 (28) 1.1 (30) 10.6 (31) 3.1 (30)
482 Fell. div.)
+ Ground water .2 .2 .2 o2 2 .2
32 S bar S diversion 19.84 2.02
- § Bar S diversion: a 0 -4 -3 ~4
+ Surface return (22% Proct. + 1.3 (28) 3 (32) 10.3 (32) 1.2 (28)
192 S Bar S div.)
+ Ground water b N 4 .4 4
33 S Bar S Pump 17.82 2,00
- S Bar S, Olinghouse #2,#3
div. (pumps) of 0 0 0 0
+ Surface return (21% Proct. + 1.2 (28) .5 (32) 10.6 (33) 1.4 (28)
31X S Bar S div.)
+ Ground water 3 .3 .3 .3 .3
34 BRM 15.8 15.82 2.64
+ Surface return 0 0 0 8.5 (34) 0
+ Ground water .4 A 4 4 N
35 Dead Ox Wash 13.18 3.18
+ Surface return 0 0 0 10.4 (35) 0 . _
+ Ground water .9 .9 .9 .9 .%_J
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TABLE 17.~-Estimates of Truckee River tributary inflows, diversion, and returns used for modeling—Continued

River segment

modeled tribu-

taries, diversions

and returns

Starting
River

Mile

Initial est~-

imates for

Modeled tributary, diversion, and adjusted return flows

for calibration/validation data sets

Length flow balance

(mi) (£t3/s)

(A) June 1979

(B) August 1979

(£t3/s) Origin (ft3/s) Origin

(C) June 1980

(ft3/8) Origin

(D) August 198¢C

(£t3/8) Origin

36

37

38

39

40

41

42

43

RM 10 (Nixon

gage at RM 9.42)

+ Surface return
+ Ground water

RM 9.2
+ Surface return
+ Ground water

Numana Dam

10.00

9.20

8.21

~ Numana diversion:

+ Surface return
+ Ground water

RM 7.6
+ Surface return
+ Ground water

RM 6.8
+ Surface return
+ Ground water

RM 4
+ Surface return
+ Ground-water

Nixon bridge
+ Surface return
+ Ground-water

RM 1.00
+ Surface return
+ Ground-water

Marble Bluff Dam

7.60

6.80

4.00

13.22

.00

.80

.2
.99
.2
.61
.2
0
.2
2.80

(392 Numana div.)
.7

(117 Numana div.)
2
2.22
7
1.00

.3

.2

a2

~20

0

2

.2

.2

.7
.7

.8

.

7

.3

(38)

(38)

~-13

.2

2.6
.2

11.3

(38)

3.2

(38)

.7

.3

36)

(38)

(38)

.2

.2

-20

.2

(38)

(38)

a Estimated from records of Federal Watermaster

b Ephemeral stream, normally no flow.

¢ Estimated constant diversion for cooling water, no returns.

d Estimated from records at USGS and Federal Watermaster gages.

e Modeled as surface return.

f Not operating during synoptic studies.
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TABLE 18,~-Procedures used in adjusting estimates of return flows to the Truckee River from

surface irrigation and ground-water inflows

[Initial estimates of return flows based on table 17. Error in estimated returns then calculated for

/
gaged reaches as E = Q2 - (Ql - D + SR + GW?;where E is the total error in estimated returns, Ql

is the flow at the head of the reach, Q2 is the flow at the end of the reach, D is the sum of

estimated diversions from all segments in the reach, SR is the sum of the estimated surface

returns to receiving segments in the reach, and GR i1s the sum of ground-water returns to segments

in the reach.]

Model

Subreach segments Data sets

Procedure for adjusting estimates of return flows

McCarran bridge to 1-4 All

Vista gage

Vista gage to 5-19 August,

Derby Dam June 1979

June
1980

/27

Assumed no significant ground-water or surface
irrigation returns. Differences between gaged
Vista flow and sum of flows from USGS gage at
McCarran Bridge, Federal Watermaster gages at
Steamboat Creek and North Truckee Drain, and STP
outflow records adjusted based on analysis of

records at each site.

Assumed no significant ground-water returns. Flow
at Derby Dam estimated from analysis of records
(USGS and Federal Watermaster) for diversions
through Truckee Canal and USGS gages below Derby
Dam and at Tracy above Derby Dam. Errors in
initial flow balance attributed to errors in
estimates of surface irrigation returns.
Adjustments made to return estimates by linear
proration with length of segments receiving

returns.

Error in return estimates (54 ft3/s) much greater
than could be explained by diversions. Accretions
attributed to release from bank storage during
falling stage and, based on mass balance of
dissolved solids, modeled as ground-water returns,

prorated by length to entire reach.



TABLE 18,-~Procedures used in adjusting estimates of return flows to the Truckee River from

surface irrigation and ground-water inflows--Continued

Model

Subreach segments Data sets

Procedure for adjusting estimstes of return flows

Derby Dam to 20-28 August,

Wadsworth bridge June 1979

June 1980

Wadsworth bridge to 29~37 August,

Nixon gage June 1979

June 1980

Agsumed constant ground-water inflows (table ).
Error prorated to irrigation surface returns by
length of recei;ing segments. Ground-water and
surface returns then added for each segment and
quality modeled as if all from surface returns

originating in each segment.

Error (95 ft3/s) much greater than could be
explained by diversions. Pest balgnce in
digsolved solids achieved when error assigned to
surface returns prorated by total length of

reach.

Assumed constant ground-water inflows. Adjust-
ments prorated to {irrigation surface returns by
length of receiving segments.

Error (61 ft3/s) was much greater than could be
attributed to normal surface returns. Adjustment
prorated over total length of reach and, based on
mass balance of dissolved solids, modeled ss
irrigation surface returns originating in each

subreach.
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Available records of daily discharge for the Truckee Canal are generally
of less accuracy than for the river. The Federal Watermaster maintains a gage
on the canal about 1 mile below Derby Dam. The first U.S. Geological Survey
gage below the dam, Truckee Canal near Wadsworth, is about 13 miles below the
dam and below several diversions and two spillways that often return wafer to
the river (figure 17), thus records at the site may not be indicative of canal
inflow. The next Geological Survey gage on the canal is Truckee Canal at
Hazen, located during the synoptic studies about 25 miles below Derby Dam and
about 6 miles above Lahontan Reservoir. Records at this gage are rated poor
(probable error greater than *15 percent). Estimates of discharge for the
major agricultural diversions from the canal are available from the Truckee
Carson Irrigation District (TCID).

About 87 percent of the length of the canal is unlined, resulting in
significant losses due to seepage. Estimates of seepage losses for modeling
were based on an analysis of the 16.7-mile reach between the Geological Survey
gage near Wadsworth and the Hazen gage. Seepage losses were calculated by
subtracting estimated diversions in the reach (TCID records) from the
difference in flow between the two gages. Included with seepage in this net
difference are any errors in measurements at the gages, errors in accounting
of diversions, and unmeasured diversions. Figure 23 shows the relations
between calculated losses for the calandar years 1967-80 and inflow to the
reach as measured at the gage near Wadworth. The data indicate a general

nonlinear relationship between reach inflow and estimated losses.

Figure 23 near here
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o Data used in regression

15 A 1967 1970A  Data excluded from -

regression, and year

Regression line:

MEAN ANNUAL SEEPAGE (Y), IN CUBIC FEET PER SECOND

10+ A 1980 J
Y =59.3 - 6700(1/X)
r2=092
5| SEE =238 -
0 1 [ 1 1 1 1
150 200 250 300 350 400 450 500

MEAN ANNUAL CANAL INFLOW AT WADSWORTH GAGE (X), IN CUBIC FEET PER SECOND

FIGURE 23.--Seepage losses in the Truckee Canal are related to the quantity of canal
inflow. ({Symbols: r% regression coefficient; SEE, standard error of estimate.)
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Data for 1967, 1970, 1979, and 1980 do not follow the general trend of
the data; a similar graphical analysis for estimated losses versus outflow
gaged at Hazen shows the same 4 years along with 1977 do not follow the
general relations. A monthly analysis of calculated losses showed that
seepage calculations using data for these years had months of "negative”
losses (reported diversions exceeded differences between inflow and outflow
gages), indicating major errors in the data; thus the data for the years 1967,
1970, 1977, 1979, and 1980 were not considered in quantification of the
relationship indicated in figure 23. For the remaining 9 years of data,
annual average losses from the reach ranged from 21 to 43 ft3/s, with an
average of 33 ft3/s. A nonlinear least-squares regression was fitted to the

data of the form:

S = A+ B/Q,
where S = annual losses in the reach,
Q = average annual inflow, and

A and B are regression constants.
The resulting equation is:

S = 59.3 - 6700/Q , (33)
in which S and Q are expressed in cubic feet per second (r2 = 0.92, standard
error of estimate is 2.8 ft3/s). Seepage losses for the four synoptic studies
were determined by using equation 33 to estimate the total loss in the reach
from the gage near Wadsworth to Hazen. This loss was divided by 16.7, the
unlined length of the reach, and the resulting rate of loss, in cubic feet per

second per unlined mile, was used to estimate the loss over the unlined length

of each of the nine modeled segments.
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Flow balances for the canal for the four synoptic studies were developed
based on the above sources of data, discharge measurements taken during the
study, estimates of seepage losses, and field observations of diversions. For
each study, the sum of all canal losses (diversions and seepage losses) was
subtracted from the observed difference in canal flow between gaged or
measured sites and the resulting difference was prorated linearly over modeled
segments based on unlined length. Final distribution of diversions and
seepage losses used in the calibration and validation runs for the canal are

listed in table 19.

Table 19 near here
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TABLE 19.--Estimates of Truckee Canal point diversions and nonpoint losses used for modeling

[Estimates based on records at USGS and Federal Watermaster gages, diversion records of the
Truckee-Carson Irrigation District, and field discharge measurements.
individual diversions included in nonpoint losses (A), and point losses (B), see table 5.]

For list of

Modeled losses and diversions for
calibration/validation data sets (£t3/s)

Starting
Canal segment and canal Length (A) June (B) August (C) June (D) August
modeled diversions mile (mi) 1979 1979 1980 1980
Cl Derby Dam (Federal 31.42 6.04 .
Watermaster gage)
(A) aggregated nonpoint losses 5 10 2 10
C2 Pyramid check 25.38 2.84
(A) aggregated nonpoint losses 5 10 3 5
C3 Tunnel No. 3 22.54 4.52
("near Wadsworth” gage)
(A) aggregated nonpoint losses 20 20 10 40
C4 Fernley check 18.02 2.95
(A) aggregated nonpoint losses 15 30 7 40
(B) point diversions 0 20 0 0
C5 Anderson check 15.07 4.00
(A) aggregated nonpoint losses 15 15 8 25
(B) point diversions 0 15 0 15
C6 Allendale check 11.07 4.68
(A) aggregated nonpoint losses 20 10 5 10
(B) point diversions 0 0 0 5
C7 Mason check (Hazen gage, 6.39 3.14
prior to Oct. 1980)
(A) aggregated nonpoint losses 10 10 3 10
(B) point diversions 0 0 0 0
C8 Bango check (Hazen gage, 3.25 2.81
after Oct. 1980)
(A) aggregated nonpoint losses 10 10 2 10
(B) point diversions 0 10 0 15
C9 Highway 50 44 b4
(A) aggregated nonpoint losses 1 1 1 1
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CALIBRATION, VALIDATION, AND SENSITIVITY ANALYSIS
OF THE WATER-QUALITY MODEL

The terms calibration, verification or validation, and sensitivity
analysis are commonly used to describe steps in computer model construction
and applications; however, the use of these terms is far from consistent in
modeling literature. As used in this report, calibration refers to the
process of using the model to determine the values of parameters not based on
field data, or to "fine-tune" values of parameters initially based on field
data. Calibration of a parameter is an iterative process of changing the
parameter values until an acceptable match is achieved between predicted and
observed values in the affected modeled variables. In the strictest sense,
verification, or validation, is the process of testing a calibrated model
against a second data set not used in the calibration to see how well
simulations continue to match observed data. The term validation is preferred
over verification in describing this process to avoid any implication of the
ultimate "truth” of the validated model. As argued by Thomann (1982), final
"verification” of a predictive model can be made only by monitoring
environmental impacts after the target management practices have gone into
effect. Sensitivity analysis refers to a quantification of the effect of
variations of individual model parameters on the predicted variables resulting

from changing one parameter at a time.
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Calibration and Validation

The calibration process is guided by knowledge of the hydrology and
biology of a stream system, an understanding of the specific processes being
modeled, and the reasonability of calibrated values' in comparison to results
taken from the literature for similar systems. Although theoretically
objective, the process is as much of an art as a science and has been
described as being "more like tuning a violin than selecting a radio station.”

For the TRWQ model, the August 1979 data were chosen for calibration for
both the river and the canal. Graphical matqhing of the predicted
concentration profiles with means and ranges of observed values at the
synoptic sampling sites was used to determine acceptable calibration. No
attempt was made to obtain perfect matches of simulated to observed values for
each model segment. Rather, to the extent possible, a single value for each
parameter was used for the entire river (or canal) or for subreaches with
consistent hydraulic or biologic characteristics.

The calibrated model was then used with the remaining three sets of data
to test for validation. It was initially assumed that the higher flow
conditions sampled in the June synoptic studies would require a different set
of rate coefficients for most constituents than the August data, and that the
June 1979 data would be used for high-flow calibration and the June 1980 for
high-flow validation. However, in testing data sets with the calibrated
model, it was found that the calibrations, with minor adjustments, worked
equally well on all four data sets and that further fine-tuning was not
warranted by fundamental limitations in precision and accuracy in the fiéld

data.

/35



A summary list of parameters and coefficents in the TRWQ model is given
in table 20, indicating those defined by, or calculated from, field data and
those defined by the calibration curve-matching process. The process used in
calibration of each coefficient is discussed below. The results are shown in
river profiles (figures 24~54) for simulated and observed values for all four
synoptic studies achieved by the final calibrated and validated parameters.
Numerical results of the simulations for the four studies are also tabulated
for each modeled constituent. In the tables, simulation errors (differences
between simulated and observed values) are presented for each sampling site
and are expressed both in concentration units and as a percentage of the
observed value. Simulation errors are also averaged over two major reaches of
the river (McCarran Bridge to Derby Dam and below Derby Dam) and for the
modeled length of the Truckee Canal. For the purposes of these discussions,
the reach errors are expressed as simple arithmetic means, and thus by their
signs indicate any net bias in simulations (consistent under— or

over—prediction compared to the observed values).

Table 20 near here
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TABLE 20.--Summary of TRWQ model parameters and variables: ranges in calibrated values and methods of determination

[Listed below are principal variables and parameters used in the TRWQ model. Where specified in column 1, units
are for input data or model results. All water—quality constituents are considered to represeant "totals,”
results that would be obtained with representative unfiltered samples. Ranges of values in column 2 are total
range in input data for the four synoptic studies or for calibrated values for the Truckee River (R) and the
Truckee Canal (C). Table numbers in column 3 indicate location of complete listings of data for the calibrated
model. Notes on derivation give principal equations used (or appropriate equation number in text) and (or)
principal references for stated values or methods of derivation.]

(2) 3
(1) Range 1in Data )
Description values table Derivation and remarks

MODEL INPUTS:

Upstream river - 21 Observed data; Appendix A

Tributary inflows -- 21 Observed data; Appendix A

Reno-Sparks effluent -- 21 Observed data: Appendix A

Nonpoint surface returns - 16, 17 See text and Appendix B

Nonpoint ground-water returns - C8, 17 See text and Appendix C
MODELED WATER-QUALITY VARIABLES:
Q discharge (ft3/s) 25 - 2,150(R) 21 Mass balance calibrated against observed

15 - 380 (C) data .

DS dissolved solids (mg/L at 180 °C) 74 - 390 (R) Al Mass balance

81 - 170 (C)

DO dissolved oxygen (mg/L) 3.4 - 13.1 (R) Al DOgar - DOgef
, 4.4 - 14.2 (C)
DOg,yr dissolved-oxygen saturation 45 - 188 (R) Al Calculated from T, BP, DO
(percent of saturation) 58 - 206 (C)
DOges dissolved-oxyen saturation deficit -6.1 - 3.7 (R) - Modified Streeter—-Phelps first~order reactions
(mg/L) -7.3 - 3.2 (C)

CBOD,, ultimate carbonaceous biochemical 1.7 - 9.6 (R) Al Streeter-Phelps first-order reaction
oxygen demand (mg/L) 1.8 - 7.3 (C)
Nitrogen species (mg/L as N):
ON organic~nitrogen .00 - 2.4 (R) Al First-order sequential reactions
.32 - 2.0 (C)
NH;  ammonia-nitrogen .00 - 1.8 (R) Al Do.
.00 - .34 (C)
NO» nitrite-nitrogen .00 - .39 (R) Al Do.
.01 - .39 (C)
NO5 nitrate-nitrogen .00 - 1.4 (R) Al Do.
.12 - 1.3 (C)
N total-nitrogen .29- 3.9 (R) Al Summation
.62- 3.9 (C)
UNH3 un-ionized ammonia .00~ .22 (R) Al Calculated from pH, T, NHg;
.00- .08 (C) Eq. 17, (Willingham, 1976)
Phosphorus (mg/L as P):
PO, orthophosphorus .04- 1.4 (R) Al First-order reaction
.06- .99 (C)
TP total phosphorus .06- 1.4 (R) Al Do.
.08~ 1.1 (C)
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TABLE 20.--Summary of TRWQ model parameters and variables:
ranges in calibrated values and methods of determination--Continued

Description Range in Data Derivation and remarks
values table
1 ) 3) €]

D
CHANNEL HYRAULICS:

22
v average velocity (ft/s) 0-13 -4.9 (R) L J vV = Vi(Q)V2
A -29 - 2.4 (C)
Vi linear veloclty coefficient .01 - .54 (R) 11 Calculated from traveltime data
01 - .27 (C)
From dye-tracer studies.
v2 exponential velocity coefficient .29 - .85 (R) 11 Do.
.37 - .81 (C)
22
W average channel width (ft) 51 - 760 (R) [ J W = W1(Q)W2
19 - 47 (C)
wl linear width coefficient 36 - 491 (R) 11 Widths from aerial photographs and W2 estimates
4 - 32 (C)
w2 exponential width coefficient .l (R) 11 Cross-section measurements at gaged sites
.04 - .36 (C)
A average channel cross-sectional area 68 ~ 903 (R) -— A = Q/V
area (fc?) 27 - 304 (C)
22,
D average channel depth (ft) .38 -~ 10 (R) - D = A/W
.48 - 8.5 (C)
s average channel slope (ft/ft) S5 -53 (R) 11 Measured in channel survey
.02 -~ 1.8 (C)
ENVIRONMENTAL FACTORS (SEGMEl‘iT AVERAGES):
Controls on saturation of dissolved oxygen:
32
T water temperature (°C) 10.5 ~ 25.0(R) ) Linear interpolation between observed data,
11.0 - 24.0(C)
32
BP barometric pressure (mm Hg) 650 - 665 (R) [ ] 2. Do.
650 - 655 (C) -
sSC specific conductance 100 - 660 (R) - Do.
(umhos at 25 °C) 120 - 270 (C)
Control on un-ionized ammonia:
32
pit pH (units) 7.2 - 9.1 (R) -« Do.
7.3 - 9.0 (C)
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TABLE 20.--Summary of TRWQ model parameters and variables:
ranges in calibrated values and methods of determination--Continued

Description Range in Data Derivation and remarks
values table
(1) (2) 3) (4)
REACT1ON RATE COEFFICILENTS:
In-stream first-order rates (base e, l/day at 20 °C):
Ko reaeration .12 120 (R) 39 Ky = CVS (Tsivoglou & Neal, 1976), escape
.01 2.3 (C) coefficient C = 3600, from gas—tracer studies
Ker CBOD removal (Kr) .14 1.7 (R) 24 Fitted to observed data
.03 13 (€)
Ko CBOD oxidation (K1) .14 2.0 (R) 24 Do.
.03 - .13 (C)
KoNr  organic nitrogen removal 10 - 1.7 (R) 24 Do.
.05 (C)
Konr organic to ammonia nitrogen .10 - .80 (R) 24 Do.
.05 (C)
KNHaR ammonia nitrogen removal .40 - 2.4 (R) 24 Do.
.90 )
KN4 ammonia to nitrite oxidation 40 - 2.4 (R) 24 Do.
.90 ©)
Kno2r nitrite nitrogen removal 3.0 10. (R) 24 Do.
.7 (C)
Kno2F nitrite to nitrate oxidation 3.0 - 10. (R) 24 Do.
.7 ©)
Kno3r nitrate nitrogen removal .3 -2.0 (R) 24 Do.
.18 ()
KNcrIR orthophosphorus removal .25 (R) 24 Do.
.10 ©)
Kncrzr phosphorus removal .25 (R) 24 Do.
.25 )
P net daily photosynthesis 0 - .2 (R) 41 Fitted to observed mean DO
of oxygen (mg/L/day) S5 - 2.5 (C)
R respiration factor to simulate 1 - 12 (R) 41 Fitted to observed minimum DO
minimum DO (mg/L/day) 0 ©
B benthic oxidation rate (g Oz/mz/day) —_ -~ Not applied to TRWQ model
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TABLE 20.~~Summary of TRWQ model parameters and varlables:
ranges in calibrated values and methods of determination--Continued

Description Range in

values
(1) (2)

Data
table
3)

Derivation and remarks

4)

[

T
i

Temperature-correction coefficients:

81 theta 1 1.0241
82 theta 2 1.047
63 theta 3 1.09

84 theta 4 1.065

Nitrogen oxygen demands:

ONH4 ~ ammonia oxidation 3.43
(mg 07/mg NHj oxidized)

O5No02 ¢ mitrite oxidation 1.14
P "1 (mg O2/mg NO; oxidized)

S A

K(t)=K(20)s(20-t)
For Ky (Elmore and West, 1961)

For Kc, Kcp (Shindala, 1972)

For Konr,» KpNFs KNH3INR» KNH3INF

For B

Equation (6)

Equation (7)
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Major Point-Source and
Nonpoint~Source Loadings
for the Observed Data Sets

Principal and modeled sources of loadings to the Truckee River below Reno
include:

1. River at McCarran bridge, the upstream model boundary.

2. North Truckee Drain (accumulated agricultural returns from Spanish
Springs Valley and northside Truckee Meadows)

3. Steamboat Creek at above the STP outfall (accumulated agricultural
returns from Washoe Valley and southside Truckee Meadows).

4. Effluent from the Reno—Sparks STP via Steamboat Creek.

5. Various surface irrigation return flows along the course of the
river.

6. Ground-water inflows.

During, and immediately following, periods of active precipitation, the
river between McCarran bridge and Steamboat Creek and the two perennial
tributaries (North Truckee Drain and Steamboat Creek) could receive urban
storm water from the Reno-Sparks area. 1In addition, the river below Steamboat
Creek could receive tributary flows from any active washes and overland
runoff. These additional nonpoint sources were not flowing during the
synoptic studies used for model calibration and validation. Application of
the TRWQ model to simulate the impact on the river from transient storm inputs
would be, in fact, invalid, as transport in the model is based on steady-state

assumptions.
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Inputs from the upstream river, two ;ributaries, and the STP effluent are
all grouped within the first 2.6 miles of the modeled reach of the Truckee
River and have significantly different effects on river quality than the
modeled nonpoint agricultural and ground-water returns that are fairly evenly
distributed along the length of the river. Constituent loadings from the
upstream sources have substantial initial impacts on receiving stream quality;
however, the effects for nonconservative constituents may rapidly decline with
downstream distance from the source due to river assimilation, the magnitude
of which is a function of water temperatures and traveltime (and thus
inversely related to streamflow). The effects of nonpoint inputs to the river
may be minor at any point in comparison to the upstream point sources;
however, the effects are cumulative and instream assimilation may be offset by
the continuing accretion of loads from nonpoint sources.

The quantity and quality of major sources of constituent loadings to the
river observed in the four synoptic studies in 1979 and 1980 are summarized in
table 21. For the point sources, quality is described by both concentrations
and loads (mass of pollutants per unit time), which are a function of the
concentration and flow of the source. Nonpoint returns are summarized in
terms of total inflows and loadings over two reaches, above and below Derby
Dam. For surface returns, the net total loadings (returned loads minus

diverted loads) are also given for the two reaches.

Table 21 near here
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TABLE 2l .--Summary of major inputs to the Truckee River and Canal used for model calibratlon and valldation

{Data for rlver, canal, and tributarles are wean dally values from synoptic atudles; values flagged with 'E' are estimates (Appendix A).
Nonpolnt-source data are auma of all Inputs for the indicated reach based on concentration and discharge estlmates (tables Ih, 17, and
CR). Net surface-return loads are the difference between summed aurface-return loads and summed loads diverted In the indicated rcach.
Phosphorus loads above Derby Dam flagged with 'd' are "dummy” loadings added to callbrate observed data between Vista and Patrlick (see
text)., Surlace-return and ground-water concentrations flagged with 'c' are reach-averages computed from total loads and inflows for the
reach. All loads are rounded to two significant flgures; percentages may not total to {00 due to roundlng.]

Constituent concentrations (mg/L), loads (lb/day), and percent of total load to reach

Nitrogen as N

Spec- Dissolved
iflc oxygen
Raro-~ con-
metrlce Water duct~
Dis- pres— temper~ ance Dis- Percent
charpe sure ature (uS at pit solved satur- Organ~ Aomo—~ NI- Ni- Total
(fe3/s5) (mmoHg)  (°C) 25 °C) units solids ation €BOD,, ic nia  trite trate
A) JUNE 1979
ABOVE DERBY DAM:
Upstream river at McCarran Bridge
375 650 15.4 90 8.4 61 8.5 100 . 2.7 0.33 0.03 0.02 0.01 0.38
123,000 17,000 - 5,500 670 61 40 20 770
70 38 72 - a8 43 3 11 10 20
North Truckee braln
40 650 17.8 337 8.5 235 8.8 108 4.2 .87 .05 .02 .29 1.2
51,000 1,900 - 910 190 11 4 63 260
7 16 8 - 12 1 1 30 7
Steamboat Creck
50 650 19.1 367 - 255 7.8 99 7.6 1.2 .06 .05 .06 1.3
69,000 2,100 -_ 2,000 320 16 13 16 350
9 22 9 - 14 20 1 4 8 9
Reno-Sparks STP
25 650 22.0 524 9.6 299 7.1 9% 2 .40 13 2.4 .24 15
40,000 960 - 3,300 54 1,800 280 32 2,000
5 13 4 - 23 3 94 17 15 52
Surface-return flows:
Total returns
49 -~ -- 524 9.6 140¢ 5.7¢c - 10 1.3 .1 .1 .3 1.8
37,000 1,500 - 2,600 340 26 26 79 480
9 12 6 - 18 22 1 7 38 12
Net retura loada:
14 ~140 =~1,000 - -1,400 210 -150 -10 14 55
Ground-vater {nflows:
[}] -— — -— — - — - - — -— - - -—
o o - 0 o] 0 o o 0
1] 0 0 -— 0 1] 0 o] o o
BELOW DERBY DAM:
River at berby bam
0 652 19.5 169 8.1 112 8.2 103 3.8 0.57 0.21 0.18 0.49 1.5
54,000 4,000 - 1,800 280 100 87 240 730
67 42 81 - 46 57 87 83 60 64
Surface-rcturn (lows:
30 - - 524 9.6 140 5.6 - 12 1.3 .09 .11 .32 1.9
23,000 910 - 2,000 210 15 18 51 300
22 18 18 - 52 43 13 17 13 26
Net retarn loads:
-28 -20,000 ~-1,600 - 2to0 50 1 -2 -5 47
Ground-water Inflows:
15 -- - - - 640¢ .5 - 1. .0 -0 .0 L.4 t.4
52,000 42 - 80 1] o 1] Lo 110
(1 40 1 - 2 0 o o 27 10
TRUCKEE CANAL:
Diverslon at bBerby Dam
3o 652 19.5 169 8.1 12 8.2 103 3.8 .57 .21 .18 49 1.5
236,000 17,000 —_ 8,000 1,200 440 380 1,000 3,200

/43

Un-
lon-
tzed
ammo-~

nla

.0to

Phosphorus as P

Ortho

0.02
40

.10
22

.22
59

4.9
660
63

.5
130
12

36

140d
13

0.33
160
64

.51
82
3

.3
690

Total

[l

0.0}
61

.14
30

.27
73

5.8
780
63

-6
160
13

40

1404
11

0.40
190
64

.61l
99
33

.40
840



TABLE ll.--Summary of wajor Inputs to the Truckee River snd Canal used for model calibration and valtdation--Continued

Constituent concentrations (mg/L), loads (lb/day), and percent of total load to reach

Nitrogen as N

Spce- Dissolved .
i1fle oxygen
Baro- con- Un-
metric Watcer duct- lon~-  Phosphorus as P
Dis- pres- temper- ance Dis~ Percent ized
charpe sure ature (uS at pit aolved satur~ Organ- Ammo-  Ni- NL- ammo-
(fe3/s) (ma ug) (°C) 25 °C) units aoltds ation €BOD,, te ata ‘trite trate Total nla Ortho Total

(B) MGUST 1979
ABOVE UERBY DAM:

Upstream river at McCarran Bridge

160 653 20.3 127 8.3 86 7.6 98 2.4 0.33 0.03 0.0l 0.04 0.41 0.002 0.08 0.04
74,000 6,600 -- 2,100 280 26 9 35 350 - 69 35
51 28 57 - 7 20 1 15 16 9 - 4 2
North Truckee Drain
so 652 19.9 359 8.1 250 1.0 90 3.9 .68 .02 .0l R 1. -Q0L -1t .10
67,000 1,900 - 1,100 180 5 3. 10 3v0 - 30 27
16 25 16 - 9 13 (1] S 50 7 - 2 2
Steaaboat Creck
40 652 22.2 279 8.0 194 5.8 78 6.9 .90 .10 .01 .09 1.1 - 004 .21 <24
42,000 1,200 - 1,500 190 22 2 19 240 - 45 52
13 16 10 - 12 14 1 4 9 6 - 3 3
Reno-Sparks STI
30 652 24.8 509 7.8 291 6.6 92 37 3.0 14 .15 .01 17 .48 3.8 4.7
47,000 1,100 - 6,000 480 2,300 24 2 2,800 - 620 760
B 10 18 9 - 48 3s 97 44 L 70 - 39 45

Surface~-return flows:
Total returns

3 - - 524 9.6 180c  4.6c -~ 10. 1.3 . N 3 1.8 - .5 -6
34,000 850 - 1,800 240 18 18 55 330 - 92 110
11 - 13 7 -- 14 18 1 »n 25 8 == 6 6
Net return loads:
-20 ~11,000 -1,000 - 320 66 =300 =30 =73 =330 -- -lto  -iio
Ground-water inflows:
o s . . . _ . . . N o . N - — -
0 0 - 0 v 0 0 0 0 - 72‘"‘ 723"
0 0 0 - 0 0 0 o 0 0 - 6
BELOW DERBY DAM:
River at Derby Dam
40 650 22.8 237 8.0 150 6.3 86 4.4 .68 JA1 .19 1.1 2.1 .005 .69 .78
3,200 1,400 -— 950 150 24 41 240 450 - 150 170
51 4 67 100 43 48 66 77 62 58 100 68 67
Surface~return {lows:
23 - - -- - 270 5.3 - 9.7 1.3 .10 .10 .30 1.8 - .50 .60
33,000 660 - 1,200 160 12 12 37 220 - 62 74
30 36 3 100 54 52 34 23 10 28 100 28 29
Net rcturn loads:
-24 - -- -- --  =24,000 -1,300 -- 230 22 7 H 8 42 - =21 -18
Ground-water (nllows:
-- - - - 680c .5 - 1. [ 0 0 1.4 1.4 - N .l
55,000 42 - 80 ] [} 0 110 1o - 8 8
19 60 2 Loo 4 0 (4] 0 2" 14 100 4 3
TRUCKEE CANAL:
Diverslon at Derby Dam
220 656 22.8 237 8.0 150 6.3 86 4.4 .68 Jg 9 1.1 2.1 -005 -69 .78
180,000 7,500 — 5,200 810 130 220 1,300 2,500 - 820 930
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TABLE 21 .--Summary ol msjor Inputs to the Truckee River and Canal used for wodel calibration and valldation--Continued

Constltuent concentrations (mg/L), loads (1b/day), and percent of total load to reach

Nitrogen as N

Spec- Dissalved e -
iftc oxygen - T
Baro~ con- Un-
metrie Water duct= ton-  Phosphorus as P
Dis- pres= temper- ance Dls- Percent lzed
charpe snre Ature (uS at plt salved satur-— Qrgan- Ammo- NiL- NL- ammo- T~
(E43/s) (mm Hg)  (°C) 25 °C) wunits sollds atlon CBUD, ic nia  trite trate Total nla ortho  Total

(C) JUNE_ 1980
ABOVE DERBY DAM: =

Upstream river at McCarran Brldge

1,780 6438 10.3 70 7.9 47 9.7 101 1.9 0.51 0.l14 0.00 0.24 0.89 0.002 0.04 0.03
450,000 93,000 -— 18,000 4,900 1,300 o 2,300 8,500 -— 390 290
85 47 89 - 54 62 27 0 75 52 - 22 15
North Truckee Draln
50 647 12.3 381 8.2 265 8.8 98 4.6 1.2 .12 .0t 44 1.8 .004 .09 -1t
71,000 2,400 - 1,200 320 32 37 120 480 - 24 30
2 7 2 - 4 4 1 3 4 3 - 1 2
Steamboat Creek
145 648 13.1 485 8.0 337 7.9 88 5.7 1.4 .15 .01 .19 L.8 .00 .18 .20
260,000 6,200 - 4,500 1,100 120 8 150 1,400 - 140 160
7 27 6 - 13 14 2 9 5 9 - 8 8
Reno-Sparks STP .
45 648 18.6 498 7.7 284 8.6 107 35 6E 14 .28 .23 22 .25 4.5 5.7
69,000 2,100 - 8,500 1,500 3,400 68 56 5,300 61 1,L00 1,400
2 7 2 - 25 19 70 76 2 33 - 63 7
Surface-return [lows:
Total returns
20 - - - - 93¢ 6.6¢c - 10 1.3 .1 .1 3 1.8 -- .5 .6
10,000 710 - 1,100 140 11 1t 32 190 - 54 65
L 1 1 - 3 2 [ 12 1 1 - 3 3
Net return loads:
-24 -8,500 -1,500 - 450 -16 =77 5 -28 -114 -- 23 32
Ground-water tnflows:
54 - -- - - 320¢ .5 - 1. .0 .0 .0 1.4 1.4 - .t .1
92,000 150 - 290 0 (1] (1] 4L0 410 - 29 29
3 10 o - 1 o o (] 13 3 - 2 1
BELOW DERBY DAM:
River at Dcrby Dam
1,910 652 0.9 121 7.2 84 9.0 95 2.8 .64 .26 .02 .28 1.2 .00l .10 B3
870,000 93,000 -- 29,000 6,600 2,700 2t0 2,900 12,000 -- 1,000 1,l00
90 84 93 100 72 83 96 66 87 86 100 65 63
Surface-return flows:
195 -= - - - oo 6.6 - 10 1.3 .10 .10 .30 1.8 - .5t .62
110,000 6,900 - 11,000 1,400 110 110 320 1,900 - 540 650
36 1 7 100 27 18 & 34 10 14 100 35 37
Net retnrn foads:
126 76,000 3,400 - 8,600 1,100 26 63 220 1,500 - 480 590
Ground-water Lnflows:
15 - - - - 680c .5 - 1. .0 <0 .0 1 1. - .1 .
55,000 42 - 80 o o 0 110 - 8
1 5 (1] 100 o 0 o 0 3 100 1 o
TJRUCKEE CANAL:
Diverslon at Derby Dam
130 0652 10.9 121 7.2 84 9.0 95 2.8 .64 .26 <02 .28 1.2 .001 Lo Lt
$9,000 6,300 - 2,000 450 180 14 200 840 -- 10 17
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TABLE 20L.--Summacy of major Llnputs to the Truckee River and Canal used for model calllgutlon and validatlion--Contlnued

Constltueut concentrations (mg/L), loads (lb/day), and percent of total load to reach

Nitrogen as N

Rwre= Nisanlved
ifle oxygen
Taro- ron- Un-
metrlc Water duct= - ton- Phosphorus as P
Dis- pees= temper=  ance nis— Percent ized
charge sare ature (uS ut fell solved satur- Organ- Aamo- NI~ NL- ammo-~
(te3/s)  (ma 1lg) [ 25 °C) wunits sollds ation CBoD,, ic nla trite trate Total  nla Ortho  Total

(D) AUGUST 1980
ABOVE DF,I(BY. ban:

Upstream river at McCarran Bridge

155 046 17.9 126 8.3 85 8.3 102 2.5 0.52 0.03 0.02 ©0.00 0.57 0.002 0.02 0.97
71,000 6,900 -- 2,100 440 25 17 0 417 - 17 59
50 26 53 - 16 17 1 26 [¢] 9 - 3 P
North Truckee Draln
40 646 17.5 348 8.0 242 8.0 99 4.0 1.0 .04 .02 b4 1.5 001 .04 .1
52,000 1,700 - 860 220 9 4 95 320 - 9 24
13 19 13 - 6 9 o 7 67 6 - 1 2
Steamboat Creck
70 646 19.6 290 8.1 202 6.9 89 5.8 1.8 .06 .02 .07 2.0 .003 .09 .16
76,000 2,600 - 2,200 680 23 8 26 760 - 34 60
22 28 20 - 17 27 1 12 19 14 - 3 4
Reno-Sparks STP
35 646 23.3 572 7.7 327 7.6 104 39 6E L4E .15 .00 2LE .34 3.5 4.4
62,000 1,400 - 7,400 1,100 2,600 28 0 3,800 - 670 830
11 23 11 bt 56 43 98 44 [+] 69 - 59 60
Surface=return flows: -
Total returns .
3 - - - - 200c¢ 4.7¢ - 10 1.3 .1 o1 .3 1.8 - -5 .6
14,000 330 - 700 9 7 7 21 130 - 35 42
4 5 3 - 5 4 o 11 15 2 - 3 3
Net return loads:
=30 -24,000 ~-1,200 - -640 -180 -280 -46 -85 =590 - -8} -110
Ground-water In(lows:
[+] — — - — — - _— —-— — - -— -— -— - — -
0 0 - 0 o 0 0 0 0 - Jsod  380d
o ] (4] - [+] o [+] [+] ] ] - 33 27
BELOW DERBY DAN:
River at Derby Dam
6 650 20.6 260 8.5 163 6.7 87 5.4 1.4 .25 .30 1.1 3.0 .029 .66 .72
57,000 2,300 - 1,900 430 88 100 3% 1,100 - 230 250
58 37 70 100 50 68 83 85 n 72 100 70 68
Surface-return [(lows:
total returns
33 - - -_ - 230c 5.2¢ - 0 1.3 .1 .1 <3 1.8 - .5 .6
41,000 930 - 1,800 230 18 18 53 320 - 89 Lio
29 27 28 100 48 32 u 15 10 21 100 27 . 30
Net return lomds:
=35 -37,000 -1,800 - -20 -92 -1 -2 ~-21  -110 - -30 =37
Ground-water latlows:
15 - - - - 680¢ .5 - 1. .0 .0 .0 1.4 1.4 - .t .1
55,000 42 - 80 0 0 0 110 110 - 8 8
(& 36 12 1wo 2 o [} o 20 7 too 2 2
TRUCKEE CANAL:
Diverslon at Derby Dam
203 650 0.6 260 8.5 163 6.7 87 5.4 1.4 .25 .30 1.1 3.0 .029 .66 72
180,000 7,400 - 6,000 1,500 280 330 1,200 3,300 32 730 800
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In comparing total }oads from the various sources, the above distinctions
between the effects of point and nonpoint sources should be kept in mind.
Given equivalent total loads over the 56-mile modeled reach of river, upstream
point sources will have substantially greater impact on the quality of the
river in the 21 miles above Derby Dam, with impacts for nonconservative
substances diminishing with distance downstream from the input. Nonpoint
sources will have much less effect above Derby Dam, but the cumulative effect
at low flows may become significant in the lower 36-mile reach of the river.

Interpretation of the effects on river quality of point sources requires
consideration of both concentrations and corresponding rates of flow.
Evaluation of sources based solely on concentrations may be misleading. In
the August 1979 synoptic study (table 21B), for example, highest
concentrations of dissolved solids among the point sources were observed at
the STP (291 mg/L) and the lowest concentrations in the river at McCarran
bridge (86 mg/L). However, the impact on river quality below Steamboat Creek
is determined by the total loads and, because of the greater discharge of the
river at McCarran Bridge (160 ft3/s) compared to the STP effluent (30 ft3/s),
the modeled reach of river received about 1.5 times as much dissolved solids
(74,000 1b/day) from the upstream river at the lower concentration than from

the STP effluent (47,000 1b/day) at the higher concentrations.
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Diversions from the river must be taken into account when evaluating the
effects of agricultural loadings. Water diverted for agriculture carries with
it loadings of the constituents in the river. The net effect of agriculture
at any point in time thus is the difference between returned loads and
diverted loads in the reach. Net loadings for surface returns are presented
in table 21. Note for example, data shown for the August 1979 synoptic study
(table 21B). Total flow of surface returns was 57 ft3/s, 34 above Derby Dam
and 23 below. Agricultural diversions (not counting Derby Dam) totaled 10l
ft3/s, resulting in a net loss of water of 44 £t3/s due to agricultural
diversions. TFor some constituents, this resultéd in a net loss of loads
directly attributable to agriculture (-35,000 1b/day of dissolved solids, =293
1b/day of ammonia-nitrogen); for other constituents with relatively high
concentrations in the return flows, a net gain (550 1lb/day of CBOD,, 88 1b/day
of organic-nitrogen).

Interpretation of the effects on river quality of these gains and losses
in loads of potential pollutants from surface returns, however, is not
straightforward. At the point of diversion, instream concentrations of
substances are not changed by the diverted loadings, thus there is no direct
effect on downstream quality. At the point of return, added loads, although
less than the mass diverted, may be of higher concentration than in the

diverted water, thus having a negative impact on instream quality.
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For example, if 50 percent of the applied irrigation water is consumed by
agriculture with no change in concentration of a pollutant, a 50 percent
reduction in load will result, perhaps leading to the conclusion that the
agriculture was beneficial to river quality. The result for conservative
pollutants, however, would be that the instream river quality would be totally
unaffected. For nonconservatives, river assimilation may have reduced
instream concentrations between the point of diversion and the point of
return. In that case the returned water would have higher concentrations than
the river at the point of return and the agricultural activity would result in
a deterioration of instream quality even though concentrations were unchanged’
by agriculture and 50 percent of the originally diverted loads were removed.

For the same assumed 50 percent consumption of water by agriculture, a
net zero change in loading (diverted loads = returned loads) might lead to the
conclusion that agriculture had no effect on quality. In fact, concentrations
of the pollutant in the return would be doubled compared to the diverted
water, which could have a serious effect on river quality during low flows.
Thus evaluations of the effects of nonpoint loadings must consider both
concentrations and loads in the return flow, and take into account river flows
and river assimilation.

Specific analyses of the relative effects of individual point and nonpoint
sources on quality of the Truckee River and Truckee Canal are discussed in

following sections dealing with calibration and application of the TRWQ model.
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Discharge and Traveltime
Profiles of modeled streamflow and resultant cumulative traveltimes show
the basic hydrologic controls on transport and decay of constituents in the
Truckee River (figure 24) and the Truckee Canal (figure 25). The bar graphs
of observed streamflows indicate the range and mean of flows for the four
synoptic studies. The solid line indicates the modeled discharge, and the
dashed line shows the calculated cumulative traveltime from McCarran Bridge as

computed by the model.

- - e o et s e e e e e e e S e et e g

Figure 24 near here

- o - e o —— ——— e e o - - e s e

The pie diagrams accompanying each simulation profile in figure 24 show
the relative contribution to the river of the major point and nonpoint sources
of loadings detailed in table 21. The upstream river at the start of the
model at McCarran Bridge (source 1) was the dominant source of flow, however
the relative importance of the tributaries [North Truckee Drain (2), Steamboat
Creek (3)], and the STP discharge (4) increases with decreasing river flow.
The cumulative irrigation returns (5) and ground-water inflows (6) contributed
about the same percentage of total flow to the river for all four studies.

The increase in river discharge shown at about RM 53.5 for all four
profiles represents the inflow from North Truckee Drain (RM 53.66) and
Steamboat Creek (RM 53.53), which includes the STP effluent. The decrease in
river discharge at about RM 35 reflects the diversions into the Truckee Canal
at Derby Dam, which is the starting point for the canal profiles in figure 26.
Minor "sawtooth" perturbations in the discharge profile (for example, the
reach between Lockwood and Patrick, RM 51 to 45) reflect the gradual increases
in river flow due to agricultural returns, followed by decreases in flow due

to the next downstream diversion. The larger ramps in the discharge profile
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DISCHARGE, IN CUBIC FEET PER SECOND
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[Pie diagrams show relative contributions of external loadings to the modeled reach of river.
Sources are: (1) River upstream from McCarran Bridge, (2) North Truckee Drain, (3) Steamboat
Creek upstream from the STP outfall, (4) Reno-Sparks STP, (5) total irrigation-return flows, and
(6) total ground-water 1inflows.]

FIGURE ®8.--Simulated and observed discharge and simulated traveltimes during
synoptic studies, Truckee River.
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for the June 1980 high flows shows the relatively large return flows modeled
to match observed large increases in streamflows not accounted for in known
agricultural returns and normal ground-water inflows (see preceding sections
on "Nonpoint Returns” and Streamflow Balance").

Total traveltimes from McCarran Bridge to Derby Dam for the four data
sets ranges from about eae day in June 1980 to about 9.5 days for August 1979.
Changes in slope of the traveltime profiles reflect the major impact of the
reduction in river flow at Derby Dam (increased slope) and, during low flows,
the minor (but persistent) effect of diversions and returns.

Modeled flow regimes and computed‘traveltimes in the Truckee Canal are
shown in figure 25. Traveltimes through the canal ranged from about 1.5 to
3.5 days. A comparison of figures 24 and 25 shows the lack of correlation
between river and canal flow regimes. Highest river flows were in June 1980,
the data set with the lowest canal flows. Diversions through the canal are
managed as function of the estimated available water suppl— t Lahontan
Reservoir from both the Truckee and Carson River basins as reflected in the
available irrigation storage in Lahontan Reservoir, estimated future runoff in

both rivers, and seasonal irrigation demands.

Figure 25 near here

Modeled streamflows are used by the TRWQ model to calculate average
velocities, traveltimes, widths, and depths for each segment. The resultant
simulated hydraulic data are summarized in table 22 for the four synoptic
studies. Since transformations of nonconservative substances in the model are
exponentially related to traveltime, any errors in simulation of velocity in
the 43 river and 9 canal segments contributed to calibration errors in

modeling the nonconservative water-quality constituents.

Table 22 near here
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DISCHARGE, IN CUBIC FEET PER SECOND
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FIGURE 25,--Sinulated and observed discharge and simulated traveltimes during
synoptic studies, Truckee Canal.
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Dissolved Solids

Major loaéings of DS to the modeled reaches of the river are tabulated in
table 21 and illustrated in the pie diagrams in figure 26. Although the
concentrations of DS in the river at McCarran Bridge were low compared to
concentrations in Steamboat Creek, North Truckee Drain, and the STP, thé
upstream river was the largest source of DS loads to the reach above Derby Dam
for three of the four synoptic studies. Highest concentrations of DS were
observed in the STP effluent (about 300 mg/L), which contributed from 7 to 22
percent of the loadings to the reach. Surface irrigation returns contributed
from 1 to 13 percent of the DS loads abové Derby Dam. Ground-water returns
above Derby Dam were actively modeled only for the June 1980 data set, and

were attributed to bank-storage releases from preceding higher stages.

Figure 26 near here

The degree of agreement between simulated and observed DS for the Truckee
River (figure 26) is largely determined by the accuracy of estimations of
concentrations and magnitudes of nonpoint return flows. The profiles show a
continuous small increase in DS from McCarran Bridge to Derby Dam in response
to recycling of diversions and returns along the river. Concentrations of DS
increased markedly in the area of Wadsworth in response to inflows of
ground-water derived from the Fernley Farms area, and increase again near Dead
Ox Wash in response to inflow of saline springs with low (less than 1 £t3/s)
discharge but high salinities (see Appendix C). The effects of nonpoint
returns on the concentrations of DS increases with dgcreasing flow among the

four data sets.
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- DISSOLVED SOUIDS, IN MILLIGRAMS PR LITER
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[Pie diagrams show relative contributions of external loadings to the modeled reach of river.
Sources are: (1) River upstream from McCarran Bridge, (2) North Truckee Drain, (3) Steamboat
Creek upstream from the STP outfall, (4) Reno-Sparks STP, (5) total irrigation-return flows, and
(6) total ground-water inflows.)

FIGURE 2&.--Simulated and observed concentrations of dissolved solids during
synoptic studies, Truckee River.
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The simulations of DS were "calibrated"” by way of procedures used in
estimating sources and magnitudes of return flows (see "Streamflow Balance”
above). Simulation errors are listed in table 23; the average error for all
four data sets was less than 1 percent for the reach from McCarran Bridge to
Derby Dam and about -2 percent from Derby Dam to Marble Bluff Dam. The
greatest errors below Derby Dam were for the June 1979 data, where
concentrations were underestimated below Dead Ox, indicating an
underestimation of nonpoint loadings. Comparisons of all four simulations
show errors to be fairly randomly distributed from site to site and data set
to data set, indicating no consistent bias in the representation of the return

flows.

Table 23 near here

Since the Truckee Canal has no inputs other than the river diversion at
Derby Dam, concentrations of dissolved solids would be expected to be
constant, as shown in the simulations in figure 27. Contrary to expectations
and simulation, a uniform downstream decrease in dissolved solids was observed
in the canal in the August 1980 synoptic. This trend is not believed to be an
artifact of sampling or analytical errors. One possible explanation is that,
since traveltime through the reach (3.5 days) exceeded the span of sampling
(1 day), the apparent decrease may be a reflection of quality existent in the
upstream river prior to the start of the synoptic. Average error for the

canal for all four data sets was less than 1 percent.

Figure 27 near here
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DISSOLVED SOLIDS, IN MILLIGRAMS PER LITER
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FIGURE 27.--Simulated and observed concentrations of dissolved solids during
synoptic studies, Truckee Canal.
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CBOD,,

Factors affecting instream CBOD, removal coefficients (Kgr) include the
nature of the source effluents, sedimentation of organic material, scour,
volatilization and chemical reaction, mixing, and available biological habit
(Zison and others, 1978, pages 169-186). It should be kept in mind in
evaluating and applying river—quality models addressing BOD and oxygen
dynamics, that all these complex and interrelated processes are usually
represented by a very simplistic first-order reaction (equations 4 and 5).

Laboratory values of K;, the CBOD, bottle decay coefficient, for the four
studies ranged from 0.03 to 0.32 per day and averaged 0.13. Some
investigators use observed laboratory K; values as initial estimates of the
river removal coefficient. Using laboratory values of K; as direct estimators
of instream CBOD removal assumes that the processes removing carbonaceous
material from the river are adequately represented by the biological processes
in the BOD bottle in the laboratory, and that the environment in the bottle,
such as the ratio of volume to surface area, is comparable to that of the
river.

River removal coefficients for the four studies may also be estimated
from graphical analysis of the log of CBOD, concentrations plotted against
river traveltimes. 1In theory, the slope of such a plot gives the instream
removal coefficients for the plotted constituent (Velz, 1970); however, this
type of analysis assumes that there are no significant tributary or nonpoint
sources in the reach under consideration. Using loads rather than
concentrations as a basis for the analysis compensates for dilution effects

(Thomann, 1974), but does not compensate for inputs from nonpoint sources.

2



For both the Truckee River and canal, the calibration process for the
instream CBOD,; removal coefficients, Kcg, was to start.with all segments set
to the average bottle coefficient of 0.13 and then to adjust coefficients for
segments until a reasonable match was obtained between observed and simulated
values. Adjustment of coefficients was made with the assumption that there
should be a uniform overall coefficient for major reaches or the entire river,
and that physical and biological factors might result in subreaches or
individual segments with higher coefficients. Channel hydraulics,
observations of aquatic habitat, and the preliminary graphical analyses of
instream concentrations were used as guides in selecting segments for
adjustment of coefficients. Coefficents were calibrated on the August 1979
data set and then tested against the remaining three data sets. Only minor
adjustments were required after calibration to achieve an accceptable fit to
all four data sets.

For the Truckee River, validated coefficients are 0.20 per day for most
segments (table 24). The CBOD, removal coefficent was increased to 1.7 per
day in the Vista pool and adjacent backwater into the lower reach of Steamboat
Creek (segments 2, 3, and B2), where increased depths and decreased slope and
velocity would be expected to lead to some sedimentation of suspended organic
matter. The CBOD, removal coefficient remains somewhat elevated at 0.70 per
day in segments 5 and 6, then drops back to a consistent coefficient of 0.20
per day for the balance of the river. Segment 5 contains a short, but deep,
pool above the Largomarsino Murphy diversion dam in which sedimentation of
organic particulate matter could also be expected. The two rock-rubble
diversion dams at low flow provide a large shallow surface area as potential

habitat for attached organisms involved in the degradation of CBOD.
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~ Segment 6 is a high—gradient reach containing both the Murphy diversion dam
and a swift rapids below the dam in which the turbulence and resulting mixing

would be expected to contribute to a higher rate of CBOD removal.

Table 24 near here

Relative sources of CBOD, loadings for the four studies are shown in
figure 28. During the lower August flows, the STP was the major source;
however, at high June flows, loads from the upstream river exceeded those from
the STP even though CBOD,, concentrations in the STP effluent were 9 to 18
times higher than in the river at McCarran bridge. Nonpoint sources above
Derby Dam were relatively minor, contributing from 4 to 18 percent of the
total loads to the_reach. Below Derby Dam, modeled nonpoint surface returns
contributed loads of CBOD, about equivalent to those released to the river

through the dam.

Figure 28 near here

River profiles of observed and simulated concentrations of CBOD, for the
four synoptic data sets are shown in figure 28. Simulation errors for the
reach above Derby Dam averaged (arithmetic means) 4.5 percent for all four
data sets and 2.5 percent for the reach below Derby Dam (table 25). The
greatest error in simulation is at Vista for June 1979, where sampling errors
are suspected (the mean observed value for CBOD, at Vista, below the inputs of
North Truckee Drain, Steamboat Creek, and the Reno-Sparks STP, was actually
lower than the starting value at McCarran Bridge). There is more variation
between observed and simulated concentrations of CBOD, above Derby Dam for the
June 1980 data than the other three studies; however, the average error of 14

percent for the reach represents only 0.4 mg/L.
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FIGURE 28.--Simulated and observed concentrations of CBOD during synoptic
studies, Truckee River.
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Table 25 near here

The accuracy of simulations decreases below Derby Dam as nonpoint source
loadings become more significant. For August 1979, the predictions are good
down to Nixon. The observed increase in CBOD, concentrations between Nixon
and Marble Bluff Dam, however, is not reflected in the simulations, as the
only inputs modeled in the reach were ground-water inflows with low BOD
concentrations. In contrast, the model overpredicts CBOD, from Dead Ox Wash
to Marble Bluff for the August 1980. Concentrations are consistently
underpredicted below Derby Dam for June 1979, when, as for dissolved solids,
significant nonpoint loadings of CBOD, are not accounted for in the modeled
inputs. Simulations are more accurate for the June 1980 high flows, with a
small consistent overprediction in the reach.

The simulation profiles for the four synoptic studies demonstrate the
relative importance of nonpoint sources of CBOD, below Derby Dam in comparison
to the loads of CBOD, transported from the Reno-Sparks area (figure 28).
Modeled tramsport, decay, and nonpoint sources are accurately represented
above Derby Dam, and, although precision decreases below the Dam, the trends
in concentration are reasonably represented by fhe simulations. CBOD,
simulations could be improved by more accurate representation of nonpoint
loadings, however, the variations in sign and magnitude of model errors from
site to site and data set to data set indicate that there is no single
representation of these nonpoint loadings that would satisfy all modeled river

environments. -
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Profiles of observed and simulated CBOD, concentrations in the Truckee Canal
are shown in figure 29. Simulations in the canal are generally less accurate
than the river; average error for all four data sets is =11 percent. The
observed increases in CBOD,; in all data sets (Fernley to Highway 50 in June and
August 1979, Allendale to Highway 50 in June 1980, and Fernley to Allendale in
August 1980) cannot be explained by unmodeled external point or nonpoint loadings
as the canal had no known external inputs during the four studies. The most
likely explanation is that decay of algae and aquatic weeds in the canal creates
an internal CBOD source. As with the lower river reach, errors in prediction in
the canal are fairly randomly distributed from site to site and data set to data

set.

Figure 29 near here

The CBOD, removal coefficients in table 24 can be compared to results from
previous modeling studies on the Truckee River. O0'Connell and others (1962)
developed estimates of Kcg based on an intensive field survey in July 1962. At
that time, Reno and Sparks had separate treatment plants with a lower level of
treatment (average BODg was 23 mg/L at Reno and 68 at Sparks) than the current
Reno-Sparks plant. Using the method of graphical analysis described above, an
instream decay coefficient of 0.21 per day (base e) was obtained between the Reno
and Sparks plant (TRWQ model segments 1-2) and 0.31 from Steamboat Creek to Derby
Dam (segments 3-19). 1In a subsequent analysis of the same data, O'Connor and
Di Toro (1970) obtained coefficients of 0.49 per day (base e) above Steamboat
Creek (segments 1-2) and 1.3 from Steamboat Creek to Clark (segements 3 to 16).
The higher coefficients calculated in that analysis compared to this current

study may be a function of the higher concentrations of BOD in the effluents at
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the 1962 level of sewage treatment compared to 1979 and 1980. Willis and
others (1976) used a uniform coefficient of 0.11 for the entire river from
Lake Tahoe to Pyramid Lake in a model based on water—quality surveys conducted
in 1972 (Kaiser Engineers, 1973) and records from the Nevada Department of
Environmental Health. The model did not consider nonpoint inputs and the
author noted severe limitations as to the reliability of estimates of the

quality and quantity of tributary inflows used in the study.

Phosphorus

Phosphorus in the Truckee River is of interest as an essential nutrient\
for the growth of aquatic plants both in the river and the receiving bodies of
Pyramid Lake and Lahontan Reservoir. In the river, stimulation of growth of
aquatic plants is-important with respect to nighttime low DO concentrations
due to plant respiration. Algal stimulation also can cause high DO demands
and nuisance odors during periods of algal decay. Algal stimulation in
Pyramid Lake and Lahontan Reservoir is of concern with respect to potential DO
depletion due to decaying algal blooms. In addition, the asthetics of
large—scale algal blooms are a concern with respect to aquatic recreation in
Lahontan Reservoir.

Phosphorus can occur in water in the dissolved ionic form
(orthophosphorus, or PO4-P), as organic detritus, as complexes with metal
ions, and as colloidal particulate material (Hem, 1970). 1In the four synoptic
studies about 90 percent of the phosphorus below Vista was found as
orthophosphorus (see Appendix A), which is the form most readily available as
a nutrient. Total phosphorus determinationmns, howevér, are also important as
suspended and bottom sediments may be significant pathways for the transport
and cycling of phosphorus. Both ortho- and total phosphorus were included as

variables in the model.
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The occurrence of phosphorus in a stream is controlled by complex cycling
between solution, transport by suspended sediments, biological uptake and
release by both aquatic plants and invertebrate grazers, and storage in and
release from benthic sediments. Webster (1975) pointed out that nutrients in
a stream do not cycle in a two-dimensional pattern through these
transformations, but are also displaced by transport in a downstream direction
as they cycle between components of the aquatic ecosystem. This coupling of
cycling and transport of nutrients has been described as spiraling. It has
been demonstrated that the spiraling of phosphorus in small streams from water
transport to particulates, to consumers, and back to water transport can take
place over relatively small distances (about 600 feet), and that the complex
spiraling can be adequately represented as a first-order decay process
(Newbold and others, 1981).

The computer program used for the TRWQ model provided options to model
phosphorus by simulation of two pathways: (1) removal of phosphorus in
response to algal uptake as represented by chlorophyll-a concentrations, and
(2) loss or gain in phosphorus from exchange with bottom materials (figure 10,
equation 25). In adaptation of the model to the Truckee River, however, a
more simplistic approach of modeling both ortho- and total phosphorus as
simple first-order loss was adopted for two reasons: (1) concentrations of
chlorophyll g in the water column were not believed to be indicative of algal
uptake of phosphorus in the Truckee River ecosystem, which was dominated
during this study by attached algae and rooted aquatic plants, and (2)
detailed field studies to determine rates for phosphorus exchange with bottom

sediments were not conducted during the RQA.
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Calibrated removal coefficients for both ortho- and total phosphorus were
finalized as 0.25 for the entire river and 0.10 for tﬁe canal (table 24).
Calibration was complicated by the fact that, in three of the four data sets,
observed phosphorus concentrations increased between Lockwood and Patrick in
quantities in excess of what could be explained by estimates of nonpoint
irrigation returns and ground-water inflows (figures 30A, B, and D). 1In an
examination of historical monitoring data from the Nevada Division of
Environmental Protection for the period 1978 to 1981, it was determined that
similar trends of phosphorus accretion coumonly occurred in the reach between
Vista and Clark or, when data have been available, between Lockwood and Tracy.
Potential sources of this phosphorus input include:

(a) sampling errors (missing bed loads and near-bottom transport of
particulate phosphorus),

(b) recycling of phosphorus from sediments and (or) aquatic plants,

(¢) undocumented sources of agricultural waste,

(d) abnormally high phosphorus concentrations in agricultural returns,

(e) mineralized ground waters, and

(f) undocumented point or nonpoint sources of residential or

industrial contamination in the reach.

Figure 30 near here
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To quantify the magnitude of the source or sources, it was assumed that a
uniform nonpoint source of phosphorus existed between Lockwood and Patrick
(segments 7-12). The magnitude of this source then was calibrated to the
observed concentrations at and below Patrick using a uniform decay coefficient
of 0.25. For the August 1979 data, the observed values of both
orthophosphorus and total phosphorus at Vista and Lockwood were significantly
greater than simulated concentrations based on the measured inputs. For this
data set, additional phosphorus was added to the model as a point source at
Vista to raise the concentrations at Lockwood. Relative magnitudes of these
simulated sources of phosphorus to the river are illustrated in the pie
diagrams in figures 31 and 32.

The results of the calibration of "dummy” phosphorus loads to match the
observed concentrations at Patrick is reflected in the linear increase in
phosphorus between Lockwood and Patrick in figures 31 (orthophosphorus) and 32
(total phosphorus). Given the uncertainties of nonpoint phosphorus loadings,
the uniform decay coefficient of 0.25 gives a good average fit to observed
data throughout most of the modeled reach. A notable exception is in the
reach between Nixon and Marble Bluff Dam, in which the simulations show a
phosphorus decrease; whereas the observed concentrations increased. The
observed increase may be due to unmodeled nonpoint sources of phosphorus or to
internal cycling of phosphorus within the pond above Marble Bluff Dam.

Average simulation errors for the four data sets were 5 percent for

orthophosphorus and 14 percent for total phosphorus (tables 26 and 27).

Figures 31 and 32 near here

Tables 26 and 27 near here
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[Pie diagrams show relative contributions of external loadings to the modeled reach of river,

Sources are:

(1) River upstream from McCarran Bridge, (2) North Truckee Drain, (3) Steamboat

Creek upstream from the STP outfall, (4) Reno-Sparks STP, (5) total irrigation-return flows,
(6) total ground-water inflows, and (7) "dummy” distributed nonpoint loadings of phosphorus
required for calibration at Patrick.)

FIGURE 3P.--Observed concentrations of orthophosphorus during synoptic studies in
the Truckee River and calibration with addition of "dummy" nonpoint loadings of

phosphorus.
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Sources are:

(1) River upstream from McCarran Bridge, (2) North Truckee Drain, (3) Steamboat

Creek upstream from the STP outfall, (4) Reno-Sparks STP, (5) total irrigation-return flows,
(6) total ground-water inflows, and (7) "dummy"” distributed nonpoint loadings of phosphorus
required for calibration at Patrick.]

FIGURE 32.--Observed concentrations of total phosphorus during synoptic studies in
the Truckee River and calibration with addition of "dummy” nonpoint sources of

phosphorus.
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The dummy phosphorus loads required for calibration of phosphorus are
summarized in table 28. Listed are the apparent input loadé, that 1is the
simple differences between upstream and downstream observed loads assuming
conservative transport, and the calibrated loads assuming a uniformly
distributed nonpoint source and a decay coefficient of 0.25. Note that for
the August 1979 data, phosphorus had to be added in the Vista Pool to bring
calculated loads at Lockwood up to observed levels. No loads were required to
calibrate the June 1980 concentrations. At the high discharges during the
June 1980 study (2,020 ft3/s at Vista), load differences of 200 1lb/day are
represented by small changes in concentration (0.0l mg/L), and are not
significant to calibration.

Alternative hypotheses for sources of the phosphorus accretion in this
reach were explored by examining available monitoring data. Historical data
show accretions during the winter non—irrigation season, eliminating
irrigation returns or algal recycling as the primary source of phosphorus.
Release of phosphorus from bed sediments was tested as a potential source by
calculating release rates required to produce the observed gains during the
synoptic studies. These estimates were minimized by assuming bed sediments
over the entire reach were contributing phosphorus {(m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>